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INTRODUCTION
I t  i s  w e l l  known t h a t  many p h y s i c a l  an d  c h e m i c a l  p r o p e r t i e s  o f  
c y o l o p r o p a n e s  r e s e m b le  t h o s e  o f  o l e f i n s  much more c l o s e l y  t h a n  t h o s e  
o f  s a t u r a t e d  h y d r o c a r b o n s  o r  u n s t r a i n e d  a l i c y c l i c  h y d r o c a r b o n s .  T h i s  
i m p l i e s  t h a t  t h e  c y c l o p r o p a n e  r i n g  m us t  p o s s e s s  a d e g r e e  o f  u n s a t u r a t i o n  
s i m i l a r  t o  t h a t  o f  o l e f i n s .  Such  a  r e s e m b l a n c e  p r o v i d e s  a  v a l u a b l e  a s s e t  
t o  t h e  i n v e s t i g a t o r  i n v o l v e d  w i t h  c y c l o p r o p a n e  c h e m i s t r y  s i n c e  i t  a l l o w s  
a  c o m p a r i s o n  w i t h  t h e  t h o r o u g h l y  i n v e s t i g a t e d  and  w e l l - e s t a b l i s h e d  
r e a c t i o n s  o f  o l e f i n s .
W i t h i n  t h e  f i e l d  o f  o r g a n i c  c h e m i s t r y ,  t h e  c l a s s i c a l  c r i t e r i o n  
o f  u n s a t u r a t i o n  i s  t h e  a b i l i t y  t o  u n d e r g o  a d d i t i o n  r e a c t i o n s .  T h i s  
i s  e x e m p l i f i e d  by  t h e  a d d i t i o n  r e a c t i o n s  o f  s im p l e  o l e f i n s .  The d o u b l e  
bond o f  t h e  a l k e n e  i n  t h i s  c a s e  a c t s  a s  a  n u c l e o p h i l i c  c e n t e r  w h ic h  
r e a d i l y  com bines  w i t h  e l e c t r o p h i l i o  r e a g e n t s .  I f  s i m p l e  c y c l o p r o p a n e s  
a r e  u n s a t u r a t e d  i n  t h e  s e n s e  o f  a l k e n e s ,  t h e y  s h o u ld  a l s o  e x h i b i t  t h i s  
t e n d e n c y  tow ard  a d d i t i o n  o f  e l e o t r o p h i l e s  r a t h e r  t h a n  t h e  s u b s t i t u t i o n  
r e a c t i o n s  c h a r a c t e r i s t i c  o f  a l k a n e s .  I t  h a s  b e e n  shown by  many i n v e s t i ­
g a t o r s  t h a t  t h e  u n s u b s t i t u t e d  c y c l o p r o p a n e  r i n g  d o e s  i n d e e d  d i s p l a y  a  
n u c l e o p h i l i c  c h a r a c t e r  and  r e a c t s  w i t h  e l e c t r o p h i l i c  r e a g e n t s  s u c h  a s  
h a l o g e n s ,  h y d r o g e n  h a l i d e s  and  s t r o n g  a c i d s  by  r i n g  o p e n in g  and  a d d i t i o n .  
T h e se  r e a c t i o n s  a r e  g e n e r a l l y  somewhat s l o w e r  t h a n  t h o s e  f o r  o l e f i n s  b u t  
a r e  e x a c t l y  a n a l o g o u s  t o  t h e  c o r r e s p o n d i n g  r e a c t i o n s  o f  a l k e n e s  i n  r e s p e c t  
t o  t h e  t y p e  o f  p r o d u c t  an d  i n f l u e n c e  o f  s u b s t i t u e n t s  on e a s e  o f  r e a c t i o n  
and  d i r e c t i o n  o f  u n s y r a m e t r i c a l  a d d i t i o n .  T h u s ,  e l e c t r o n - d o n a t i n g  g r o u p s  
e n h a n c e ,  w h i l e  e l e c t r o n e g a t i v e  g ro u p s  d i m i n i s h  t h e  a d d i t i v e  r e a c t i v i t i e s
1
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o f  b o t h  a l k e n e s  and  c y c l o p r o p a n e s  t o w a r d  e l e c t r o p h i l i c  r e a g e n t s  by  
i n d u c t o m e r i o  o r  e l e c t r o m e r i c  e l e c t r o n  s h i f t s  t o w a r d  o r  away f rom  t h e  
n u c l e o p h i l i c  c e n t e r .  T h i s  s u g g e s t s  a  s e co n d  phenomenon c h a r a c t e r i s t i c  
o f  u n s a t u r a t i o n ;  t h e  a b i l i t y  o f  a s i t e  o f  u n s a t u r a t i o n  t o  c o n j u g a t e  
w i t h  o t h e r  f u n c t i o n a l  g r o u p s  w i t h i n  t h e  m o l e c u l e .  O b s e r v a t i o n  o f  
c e r t a i n  o f  t h e  m o l e c u l e s  p h y s i c o - c h e m i c a l  p r o p e r t i e s  i s  t h e  way t h i s  
c r i t e r i o n  i s  most  commonly d e t e c t e d *  A b s o r p t i o n  o f  e n e r g y  b y  a  
m o l e c u l e  t h a t  i s  c o n j u g a t e d  t h r o u g h o u t  i s  c h a r a c t e r i s t i c a l l y  a t  l o n g e r  
w a v e l e n g t h s  t h a n  t h a t  o f  a m o l e c u l e  w h i c h  p o s s e s s e s  no c h a i n  o f  co n ­
j u g a t i o n  b u t  h a s  t h e  same f u n c t i o n a l  g r o u p s .  T h i s  i s  r e f l e c t e d  i n  
t h e  s p e c t r o s c o p i c  p r o p e r t i e s  o f  t h e  r e s p e c t i v e  m o l e c u l e s .  T h u s ,  one 
f i n d s  t h a t  a  m o l e c u l e  s u c h  a s  1 , 3 , 5  h e x a t r i e n e  ( CHg-CHCH^CHCH^CHg) 
a b s o r b s  a t  a  l o n g e r  w a v e l e n g t h  t h a n  1 , 5  h e x a d i e n e  (CH2 -CHCHgCH2 CH=CH2 ) « 
When a c y c l o p r o p a n e  r i n g  i s  c o n j u g a t e d  w i t h  a n  e t h y l e n i c  d o u b le  bond  
o r  a  c a r b o n y l  g r o u p ,  t h e  a b s o r p t i o n  i n  t h e  u l t r a v i o l e t  r e g i o n  i s  more 
i n t e n s e  and a t  a l o n g e r  w a v e l e n g t h  t h a n  w o u ld  be p r e d i c t e d  on t h e
b a s i s  o f  c o n s i d e r i n g  t h e  two g ro u p s  a s  s e p a r a t e  e n t i t i e s . ^  Raman 
2s p e c t r a  a l s o  v e r i f y  t h e  f a c t  t h a t  compounds c o n t a i n i n g  a c y c l o p r o p a n e  
r i n g  r e s e m b l e  more c l o s e l y  t h e  o l e f i n s  t h a n  p a r a f f i n s .
I t  i s  now b e l i e v e d  t h a t  u n s a t u r a t i o n  w i t h i n  a m o l e c u l e  i s  a 
p r o p e r t y  due t o  l o o s e l y  h e l d  e l e c t r o n s ;  i n  a n  o l e f i n ,  f o r  e x a m p le ,  
t h e s e  a r e  t h e  e l e c t r o n s  c o m p r i s i n g  t h e  p i  b o n d .  The c y c l o p r o p a n e  
r i n g ,  t h e n ,  m us t  a l s o  h av e  l o o s e l y  bound e l e c t r o n s  a s s o c i a t e d  w i t h  
i t .  The famous S t r a i n  T h e o ry  o f  B a e y e r  h a s  m ost  commonly b e e n  c i t e d  
t o  e x p l a i n  t h i s  phenomenon.  I t  h o l d s  t h a t  t h e  h i g h e r  r e a c t i v i t y  o f  
c y c l o p r o p a n e  compared  t o  a l k a n e s  i s  due t o  s t r a i n  c r e a t e d  by  c o m p r e s s in g
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t h e  C“ C bond a n g l e s  t o  60 d e g r e e s ,  a s  i s  r e q u i r e d  i n  c y c l o p r o p a n e ^  f rom  
t h e  p r e f e r r e d  a n g l e  o f  109 d e g r e e s .  T h i s  b r i n g s  v a l e n c e  e l e c t r o n s  
c l o s e r  t o g e t h e r  and  c r e a t e s  r e p u l s i o n s  b e t w e e n  th em  due t o  t h e  a s s o c i a ^  
t i o n  o f  l i k e  c h a r g e s .  H ow ever ,  w i t h i n  t h e  l a s t  few  y e a r s ,  much o f  t h e  
o l d  i d e a  o f  s t r a i n  h a s  b e e n  t r a n s l a t e d  i n  t e r m s  o f  h y b r i d i z a t i o n .  D.
3
P e t e r s  h a s  p r e s e n t e d  w o rk  w h i c h  i n d i c a t e s  t h a t  b o t h  f ro m  l o c a l i z e d  
and  d e l o c a l i z e d  m o l e c u l a r  o r b i t a l  t h e o r y  t h e  C-C bonds  i n  t h e  c y c l o ­
p r o p a n e  r i n g  a r e  formed f rom  h y b r i d  a t o m i c  o r b i t a l s  w h ich  a r e  v e r y  
c l o s e  t o  p u r e  2 ^  a t o m i c  o r b i t a l s .  H i s  c a l c u l a t i o n s  i n d i c a t e  t h a t  
t h e s e  bon d s  p o s s e s s  f rom 0 - 4  p e r c e n t  _s c h a r a c t e r .  He p r o p o s e s  a  
p i c t u r e  a s  f o l l o w s  s
The d o t t e d  l i n e s  r e p r e s e n t  t h e  60 d e g r e e  a n g l e s ,  w h i l e  t h e  s o l i d  l i n e s  
r e p r e s e n t  t h e  a c t u a l  l i n e  o f  o v e r l a p  o f  b o n d in g  o r b i t a l s .  P e t e r s  a s s i g n s  
a  v a l u e  b e tw e en  21 a n d  25 d e g r e e s  t o  oC . From t h i s  i l l u s t r a t i o n ,  i t  i s  
e v i d e n t  t h a t  t h e r e  i s  n e i t h e r  t h e  s i d e w i s e  o v e r l a p  o f  o r b i t a l s  c h a r a c t e r ­
i s t i c  o f  p i  bonds n o r  t h e  e n d w is e  o v e r l a p  c h a r a c t e r i s t i c  o f  s igma bonds  
b u t  r a t h e r  a n  i n t e r m e d i a t e  c o m b i n a t i o n  b e tw e e n  t h e s e  two e x t r e m e s .  H en ce ,  
t h e  s o - c a l l e d  " b a n a n a  b o n d s "  o f  c y c l o p r o p a n e  a r e  u n d e r s t a n d a b l e .
W i th  t h e  i n c r e a s e d  amount o f  _£ c h a r a c t e r  i n  t h e  C-C b o n d s ,  t h e r e  must  
be a c o r r e s p o n d i n g  d e c r e a s e  e l s e w h e r e .  T h e r e f o r e ,  t h e  C-H bonds  m ust
c o n t a i n  l e s s  _p c h a r a c t e r  and more _s c h a r a c t e r .  I n  o t h e r  w o r d s ,  c a r b o n
2v a l e n c i e s  t o w a r d  h y d ro g e n  a r e  n e a r l y  _sp i n  t y p e .  T h i s  i s  v e r i f i e d  i n  
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tw o  w a y s .  The f i r s t  i s  bond a n g l e  m e a s u re m e n t s  o f  t h e  H-C-H angle®
E l e c t r o n - d i f f r a c t i o n  m e a s u re m e n t s ^  show t h a t  t h i s  a n g l e  i s  118^ ±  2 ° .
T h i s  i s  a l m o s t  t h e  same a s  t h a t  fo u n d  i n  e t h y l e n e  and  i n d i c a t e s  t h a t
t h e  c a r b o n  v a l e n c i e s  t o w a r d  h y d r o g e n  a r e  in d e e d  c l o s e  t o  t h e  sp^  h y b r i d
t y p e  c h a r a c t e r i s t i c  o f  e t h y l e n i c  c a r b o n  a t o m s .  The second  j u s t i f i c a t i o n
comes f ro m  d i p o l e  moment s t u d i e s  o f  c y c l o p r o p y l c h l o r i d e *  The d i p o l e
moment o f  t h i s  compound i s  l e s s  t h a n  i s o p r o p y l c h l o r i d e  o r  c y c l o p e n t y l -  
5c h l o r i d e .  From s t r a i n e d  r i n g  t h e o r y ,  j u s t  t h e  r e v e r s e  w o u ld  be p r e d i c t e d  
s i n c e  e l e c t r o n s  i n  t h e  r i n g  o f  f o r m e r  m us t  be  c o n s i d e r e d  t o  be  w e a k l y  
bound an d  t h e r e f o r e  p a r t i a l l y  p o l a r i z a b l o .  A l s o  t h e  p o l a r i z a b l e  m a t t e r  
i s  c o n c e n t r a t e d  more n e a r l y  i n  l i n e  w i t h  t h e  o r i g i n a l  d i p o l e *  T h i s  low 
d i p o l e  moment i s  b e s t  r a t i o n a l i z e d  on t h e  b a s i s  t h a t  c h l o r i n e  i s  a t t a c h e d  
t o  a  t r i g o n a l  c a r b o n .  A t r i g o n a l  c a r b o n  h a s  a h i g h e r  e l e c t r o n e g a t i v i t y
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i n  i t s  £ £  v a l e n c i e s  t h a n  h a s  a t e t r a h e d r a l  c a r b o n  a to m  i n  i t s  sp  
h y b r i d  s t a t e .  T h i s ,  c o u p l e d  w i t h  some d e l o c a l i z a t i o n  o f  t h e  c h l o r i n e  
l o n e - p a i r  e l e c t r o n s ,  a c c o u n t s  f o r  t h e  l o w e r  d i p o l e  moment o f  v i n y l  and  
p h e n y l  c h l o r i d e s  a s  com pared  t o  t h e  c o r r e s p o n d i n g  p a r a f f i n i c  c h l o r i d e s  
and  c an  b e  l i k e w i s e  s e t  f o r t h  t o  e x p l a i n  t h e  c y c l o p r o p y l c h l o r i d e  case®
The q u e n c h in g  c r o s s - s e c t i o n  o f  c y c l o p r o p a n e  f o r  cadmium r e s o n a n c e
g
r a d i a t i o n  a l s o  i n d i c a t e s  l o o s e l y  h e l d  e l e c t r o n s .  The c r o s s - s e c t i o n  
g r e a t l y  i n c r e a s e s  i f  w e a k l y  bound e l e c t r o n s  a r e  p r e s e n t .  The v a l u e  
f o r  c y c l o p r o p a n e  i s  midway b e tw e e n  o l e f i n s  a n d  p a r a f f i n s .
The f o r e g o i n g  d i s c u s s i o n  o f  b a c k g r o u n d  e v i d e n c e  and t h e o r y  l e a v e s  
l i t t l e  d o u b t  t h a t  t h e  c y c l o p r o p a n e  r i n g  p o s s e s s e s  a h i g h  d e g r e e  o f  
" u n s a t u r a t i o n . "
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The e l e c t r o n i c  c h a r a c t e r  o f  t h e  d o u b l e  bond i n  a n  a l k e n e  c a n  b e  
ch an g ed  f rom  a n  e l e c t r o n - r i c h  s i t e  t o  a more p o s i t i v e l y  c h a r g e d  c h a r ^  
a c t e r  by p l a c i n g  a n  e l e c t r o n  w i t h d r a w i n g  g r o u p  on one o f  t h e  c a r b o n s  
c o n n e c t e d  by  t h e  d o u b l e  b o n d .  The d o u b le  bond now a c t s  a s  a n  e l e c t r o ­
p h i l i c  c e n t e r  and r e a c t s  r e a d i l y  w i t h  n u c l e o p h i l i c  r e a g e n t s  su c h  a s  
a m i n e s ,  a l c o h o l s  and  m e r c a p t a n s .  T h i s  i s  w e l l  e x e m p l i f i e d  b y  t h e  
c y a n o e t h y l a t i o n  r e a c t i o n s  o f  a e r y l o n i t r i l e  o r  t h e  a d d i t i o n  r e a c t i o n s  
o f  e t h y l  a c r y l a t e  w i t h  n u c l e o p h i l e s .  C o n s i d e r i n g  t h e  l a t t e r ,  one 
can  a c c o u n t  f o r  t h e  c h a n g e  i n  c h a r a c t e r  f rom  n u c l e o p h i l i c  t o  e l e c t r o ­
p h i l i c  b y  p r o p o s i n g  e l e c t r o m e r i c  s h i f t s  o f  t h e  f o l l o w i n g  n a t u r e ;
^  t
CH = C H — C < ---------- > CHp— CH =  C
OOgEg OCgEg
The i o n i c  r e s o n a n c e  s t r u c t u r e  on t h e  r i g h t  becomes o f  i m p o r t a n c e  u n d e r  
i n f l u e n c e  o f  t h e  n u c l e o p h i l e  w i t h  a t t a c k  by t h e  l a t t e r  b e i n g  on  t h e  
c a r b o n  a s s o c i a t e d  w i t h  t h e  p o s i t i v e  charge® The t y p i c a l  s e q u e n c e  o f  
s t e p s  i n  t h e  r e a c t i o n  o f  e t h y l a c r y l a t e  an d  a  n u c l e o p h i l i c  r e a g e n t ,
R-Z ,  m ig h t  t h e n  b e  a s  f o l l o w s ;
+ ^  _  ^ 0
CH — CH=C y- E Z —>CH„— CH=C <---- > CH — C H -C
2 ^O C gE g  :  ^O C gE g
CHp— C H - C ^  f  R'*'-------- > CHg—  CH -  C^
^ O C ^ H ^  ^O C gH g
By c o n t i n u i n g  t h e  a n a l o g y  b e t w e e n  o l e f i n s  and c y c l o p r o p a n e s ,  i t  
i s  n o t  p o s s i b l e  t o  e s t a b l i s h  a w e l l - d e f i n e d  n u c l e o p h i l i c  c e n t e r  i n  a
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c y c l o p r o p a n e  r i n g  c o n j u g a t e d  w i t h  a n  u n s a t u r a t e d  e l e c t r o n e g a t i v e  g r o u p .  
T h e r e f o r e ,  i t  i s  n o t  u n r e a s o n a b l e  t o  e x p e c t  t h a t  t h e  compound e t h y l  
1 - c y c l o p r o p a n e c a r b o x y l a t e  ( ^ ^ ^ -C O g E t)  m i g h t  e x h i b i t  b e h a v i o r  a n a l o g o u s  
t o  t h a t  o f  e t h y l  a c r y l a t e  by  a c t i n g  a s  an  e l e c t r o p h i l i c  s i t e  and  
r e a c t i n g  w i t h  n u c l e o p h i l e s .  I f  such  be  t h e  c a s e ,  t h e  f o l l o w i n g  
i n d i c a t e d  p o l a r i z e d  r e s o n a n c e  form m ig h t  c o n t r i b u t e  s i g n i f i c a n t l y  a t  
t h e  t i m e  o f  r e a c t i o n :
:T-C CH ^  C =  C
N u c l e o p h i l i c  a t t a c k  c o u l d  t h e n  o c c u r  a t  t h e  most  p o s i t i v e  p o s i t i o n ,  
t h i s  b e i n g  one o f  t h e  two e q u i v a l e n t  c a r b o n  atoms o f  t h e  r i n g  w h ic h  
a r e  l o c a t e d  r e l a t i v e  t o  t h e  c a r b o n  a to m  s u b s t i t u t e d  by t h e  e s t e r
g r o u p .
T h e r e  i s  j u s t i f i c a t i o n  f o r  p o s t u l a t i n g  a  c o n t r i b u t i o n  i n  t h e
o v e r a l l  e l e c t r o n i c  d i s t r i b u t i o n  due t o  an  i o n i c  s t r u c t u r e  such  a s
a p p e a r s  i n  t h e  l a s t  i l l u s t r a t i o n .  T h i s  comes f ro m  quan tum  m e c h a n i c a l
s t u d i e s  w h ic h  i n d i c a t e  t h a t  i n t e n s e  a b s o r p t i o n  i n  t h e  u l t r a v i o l e t
r e g i o n  b y  c y c l o p r o p a n e s  i s  due  t o  e l e c t r o n i c  t r a n s i t i o n s  f rom  a  n e u t r a l
7
g ro u n d  s t a t e  t o  i o n i c  e x c i t e d  s t a t e s .
The q u e s t i o n  t h e n  a r i s e s  w h e t h e r  c y c l o p r o p a n e s  s u b s t i t u t e d  w i t h  
e l e c t r o n - w i t h d r a w i n g  g r o u p s  w i l l ,  i n  f a c t ,  e x h i b i t  b e h a v i o r  s i m i l a r  
t o  o l e f i n s  when t r e a t e d  w i t h  a  n u c l e o p h i l e .  T h i s  p r e s e n t s  a n  i n t e r e s t ™  
in g  a n d ,  f o r  t h e  most  p a r t ,  u n e x p l o r e d  a r e a  o f  c h e m i c a l  r e s e a r c h .  
W h i l e  one f i n d s  common r e f e r e n c e  t o  c y c l o p r o p a n e  r i n g  o p e n in g s  
by  e l e o t r o p h i l e s ,  n u c l e o p h i l i c  r i n g  c l e a v a g e  r e a c t i o n s  a r e  r e l a t i v e l y
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r a r e .  The e a r l i e s t ,  and  most  commonly c i t e d  e x a m p le ,  i s  t h a t  r e p o r t e d
Q
b y  Bona and  P e r k i n  i n  189 5 .  T h i s  i n v o l v e d  t h e  b a s e - c a t a l y z e d  r i n g -  
o p e n in g  o f  d i e t h y l  1 , l - c y c l o p r o p a n e d i c a r b o x y l a t e  by  a t t a c k  o f  e t h y l  
s o d i o m a l o n a t e  t o  g i v e  t e t r a e t h y l  1 , 1 , 4 , 4 - b u t a n e t e t r a o a r b o x y l a t e .
(COgCgHg)g +  Na "CHCCOgCgHg)^----
The  m echanism  i n  t h i s  c a s e  i s  p resum ed t o  i n v o l v e  n u c l e o p h i l i c  a t t a c k  by 
t h e  ma l o n a t e  i o n  a t  one o f  t h e  i n d i c a t e d  r i n g  c a r b o n s  t o  g i v e  a n  open- 
c h a i n  a n i o n  w i t h  n e g a t i v e  c h a r g e  i n  t h e  p o s i t i o n ,
(CgHgOgC)2CHCH2CH2C(C02C2Hg)g, H ydrogen  e x c h a n g e  t h e n  o c c u r s  b e tw e e n  
t h i s  a n i o n  a n d  a  m o l e c u l e  o f  m a l o n i c  e s t e r  t o  g i v e  t h e  o b s e r v e d  p r o d u c t .  
T h i s  r e a c t i o n  i s  q u i t e  r e m i n i s c e n t  o f  t h e  w e l l - k n o w n  M ic h e a l  r e a c t i o n  
w h e re  a n  — u n s a t u r a t e d  e s t e r  i s  i n v o l v e d .  H e r e ,  a l s o ,  t h e
n u c l e o p h i l e  becomes a t t a c h e d  t o  t h e p o s i t i o n  r e l a t i v e  t o  t h e  c a r b o n y l  
c a r b o n .
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K o h l e r  and C onan t  i n i t i a t e d  a n  i n v e s t i g a t i o n  i n  1917 i n  t h e
e x p e c t a t i o n  t h a t  t h e i r  r e s u l t s  w ou ld  b e  o f  a s s i s t a n c e  i n  e x p l a i n i n g
t h e  phenomenon o f  t h e  s t r u c t u r e s  fo rm ed  f ro m  a d d i t i o n  r e a c t i o n s  o f
— un s a t u r a t e d  compounds a s  w e l l  a s  t h o s e  o f  c y c l o p r o p a n e
d e r i v a t i v e s .  The compounds t h e y  em ployed  a r e  r e p r e s e n t e d  b y  t h e
g e n e r a l  f o r m u l a  COC^H_, T h e i r  r e s u l t s  e s t a b l i s h  t h a t  i t^ 6 5V______ J b 5
' ' (C O jR )^
i s  p o s s i b l e  t o  open t h e  c y c l o p r o p a n e  r i n g  i n  a t  l e a s t  t h r e e  d i f f e r e n t  
p o s i t i o n s  d e p e n d in g  on t h e  a t t a c k i n g  r e a g e n t  an d  r e a c t i o n  c o n d i t i o n s  
e m p lo y e d .  A nhydrous  b a s e s  su c h  a s  sod ium  a m i d e ,  ammonia and  am in es
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c a u s e d  r i n g  c l e a v a g e  b e t w e e n  t h e  c a r b o n s  s u b s t i t u t e d  w i t h  t h e  p h e n y l  
g r o u p  a n d  e s t e r  g r o u p s .  They  f e e l  t h e  f a c t s  o b t a i n e d  j u s t i f y  t h e  co n ­
c l u s i o n  t h a t  t h e r e  i s  no f u n d a m e n t a l  d i f f e r e n c e  b e t w e e n  c o r r e s p o n d i n g  
d e r i v a t i v e s  o f  e t h y l e n e  and  c y c l o p r o p a n e .
The n e x t  i n v e s t i g a t i o n  t o  b e  r e p o r t e d  was c o n d u c t e d  by K i e r s t e a d ,  
L i n s t e a d  and  Weedon^^ i n  1 9 5 2 ,  They fo u n d  t h a t  t h e  r i n g  s t r u c t u r e  o f  
C E ^  CH— ( COgCgEg) g c o u l d  be  ch an g e d  b y  a d d i t i o n  o f  e t h y l  
s o d i o m a l o n a t e .
/COgCgHg CH =  CE -  CH -  CECOgC^E^
CE — C E - C E - C - ( C O  C_H ) f  Ha Œ   > ^ | 'cO
2 ^GOgCgEg CE-CECOgCgHg
The r e a c t i o n  d i d n ’ t  g i v e  t h e  e x p e c t e d  t e t r a e s t e r ,  CE^= CE— CH— CH(C02Et)2
CEg — CH(C02Et)g
b u t  r a t h e r  t h a t  shown. P r e s u m a b l y ,  t h e  o b s e r v e d  p r o d u c t  r e s u l t s  f ro m  a 
c o n d e n s a t i o n  o f  d i e t h y l  m a l o n a t e  w i t h  t h e  v i n y l  c y c l o p r o p y l  e s t e r  
f o l l o w e d  by e l i m i n a t i o n  o f  t h e  e l e m e n t s  o f  e t h y l  c a r b o n a t e ,  A s m a l l  
amount o f  ( E t 2 0 2 C) 2 CHCH2 CE =  CHCH2 GH(C0 2 E t ) g  was a l s o  i s o l a t e d  f ro m  t h e  
a b o v e  r e a c t i o n  w h ich  l e d  t h e  i n v e s t i g a t o r s  t o  b e l i e v e  t h a t  c o n j u g a t i o n  
e x i s t s  b e tw e e n  t h e  d o u b le  bond a n d  t h e  t h r e e - c a r b o n  r i n g  s i n c e  t h i s  
p r o d u c t  i s  fo rmed by  1 , 6 - a d d i t i o n  a t  o p p o s i t e  en d s  o f  t h e  s y s t e m .
More r e c e n t l y ,  two  a d d i t i o n a l  g ro u p s  o f  c h e m i s t s  hav e  p r e s e n t e d  
e v i d e n c e  i n  f a v o r  o f  r i n g  c l e a v a g e  o f  c y c l o p r o p a n e s  by n u c l e o p h i l e s .
T r u c e  an d  L in d y ^ ^  fo u n d  t h a t  m e t h y l  c y c l o p r o p y l k e t o n e ,  when r e a c t e d  
w i t h  so d iu m  b e n z e n e t h i o l a t e ,  g a v e  K - ( p h e n y l m e r c a p t o )  p r o p y l  m e t h y l  
k e t o n e ,
A O _  p- 8 - C E g  -  H 8 - ( ^  ( ^ S - C H ^ -  CH 2 - C E 2 -  c - C H g
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T h e i r  m a in  i n t e r e s t  was  i n  o p e n in g  t h e  r i n g  o f  c y c l o p r o p y l  s u l f o n e s j
h o w e v e r ,  t h i s  p ro v e d  u n s u c c e s s f u l ,  and  t h e y  p o s t u l a t e d  t h e i r  f a i l u r e
was due t o  a  l o w e r  t e n d e n c y  t o w a r d  p r o t o n a t i o n  on t h e  p a r t  o f  t h e
s u l f o n e  g ro u p  compared  t o  c a r b o n y l s .  T h i s  r e s u l t s  f rom  t h e  l o w e r
s t a b i l i z i n g  e f f e c t  b y  a  s u l f o n e  g r o u p  on t h e  i n c i p i e n t o C -  c a r b a n i o n *
D i e t h y l  1 , l , 2 , 2 - t e t r a c y a n o c y c l o p r o p a n e - 3 , 3 - d i c a r b o x y l a t e  when
t r e a t e d  w i t h  ammonia i n  a n h y d r o u s  e t h e r  r e s u l t e d  i n  r i n g  c l e a v a g e  a s
12r e p o r t e d  b y  T . . H ,  Began  i n  1962 ,  Based on s p e c t r a l  and c h e m i c a l  
e v i d e n c e ,  h e  a s s i g n e d  a n  o p e n - c h a i n  s t r u c t u r e ,  p o s t u l a t e d  t o  b e  ammonium 
l , l , 3 , 3 - t e t r a c y a n o - 2 - c a r b e t h o x y p r o p i n i d e .
'  -t-C N
CLN GN
N H ,
T h e s e  few ex a m p le s  j u s t  c i t e d ,  w h ic h  encompass  r o u g h l y  a  p e r i o d
o f  s i x t y - f i v e  y e a r s ,  g i v e  a  summary o f  t h e  l i t e r a t u r e  i n  w hich  b a s e -
c a t a l y z e d  n u c l e o p h i l i c  a d d i t i o n  r e a c t i o n s  i n v o l v i n g  c l e a v a g e  o f  t h e
c y c l o p r o p a n e  r i n g  a r e  c o n c e r n e d .
U n d o u b t e d l y ,  t h e r e  h av e  b e e n  o t h e r  a t t e m p t s  t o  c l e a v e  t h e
c y c l o p r o p a n e  r i n g  w h ic h  h av e  b e e n  u n s u c c e s s f u l  a n d  t h e r e f o r e ,  hav e
n o t  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e .  One such  known exam ple  i n v o l v e s
13t h e  work  o f  I .  L .  K l u n d t ,  H i s  a t t e m p t e d  o p e n in g  o f  t h e  r i n g  o f  
e y e l o p r o p a n e c a r b o n i t r i l e  by  n u c l e o p h i l i c  a d d i t i o n  c o u l d ,  u n d e r  no 
c o n d i t i o n s ,  b e  a c h i e v e d *  E x p e r i m e n t a l  c o n d i t i o n s  employed i n c l u d e d  
b o t h  h i g h  an d  low t e m p e r a t u r e ,  c h a n g e s  i n  m o l a r  r a t i o s  o f  r e a c t a n t s  
an d  num erous  c a t a l y s t s ,  b u t  no s i m p l e  a d d i t i o n  p r o d u c t  c o u l d  b e  
i s o l a t e d •
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The m a t e r i a l  w h ic h  h a s  b e e n  p r e s e n t e d  i n  t h e  p r e c e d i n g  b r i e f  
h i s t o r i c a l  d i s c u s s i o n  p o i n t s  o u t  t h e  f a c t  t h a t  v e r y  l i t t l e  w o rk  h a s  
b e e n  done w h ic h  w ou ld  i n d i c a t e  w h a t  t o  e x p e c t  f ro m  t h e  c o m b i n a t i o n  
o f  a  n u c l e o p h i l e  w i t h  1 , 1 - d i s u b s t i t u t e d  c y c l o p r o p a n e  compounds® 
C o n s e q u e n t l y ,  i t  h a s  b e e n  t h e  p u r p o s e  o f  t h i s  p r e s e n t  i n v e s t i g a t i o n  
t o  a t t e m p t  t o  c l e a v e  t h e  r i n g  o f  c e r t a i n  1 , 1 - d i s u b s t i t u t e d  c y c l o p r o p a n e s  
b y  a d d i t i o n  o f  a m i n e s .  Both  p r i m a r y  and s e c o n d a r y  am ines  h a v e  b e e n  
employed a s  t h e  n u c l e o p h i l e ,  and t h e i r  e f f e c t s  on t h e  f o l l o w i n g  f i v e
1 , 1 - d i s u b s t i t u t e d  c y c l o p r o p a n e s  h a v e  b e e n  s t u d i e d :
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d i e t h y l  1 ,  l - c y c l o p r o p a n e d i c a r b o x y l a t e
o y o l o p r o p a n e - 1 , 1 - d i c a r b o x a m i d e
e t h y l  1 - c y a n o o y c l o p r o p a n e - l - c a r b o x y l a t e
1 - c y a n o  e y e l o p r o p a n e - l - c a  rb o x am id e
c y c l o p r o p a n e - 1 , 1 - d i c a r b o n i t r i l e
S i n c e  n o  work  o f  t h i s  e x a c t  n a t u r e  h a s  b e e n  p r e v i o u s l y  r e p o r t e d ,  an y  
p o s i t i v e  r e s u l t s  o b t a i n e d  w i l l  p r o v i d e  a new and b e t t e r  u n d e r s t a n d i n g  
o f  t h i s  a r e a  o f  c y c l o p r o p a n e  c h e m i s t r y ,
10
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 1
A m a j o r  o b s t a c l e  e n c o u n t e r e d  d u r i n g  t h i s  i n v e s t i g a t i o n  was t h e  
p r e p a r a t i o n  o f  t h e  d e s i r e d  1 , 1 - d i s u b s t i t u t e d  c y c l o p r o p a n e  compounds,  
m e n t io n e d  p r e v i o u s l y ,  i n  p u r e  fo rm  an d  i n  r e a s o n a b l y  good y i e l d s *  
A c c o r d i n g l y ,  t h e  f i r s t  p o r t i o n  o f  t h i s  d i s c u s s i o n  w i l l  c o n t a i n  a  
summary o f  t h e  s y n t h e t i c  m e thods  u s e d  t o  p r e p a r e  t h e s e  c y c l o p r o p a n e  
d e r i v a t i v e s .
D i e t h y l  1 , l - c y c l o p r o p a n e d i c a r b o x y l a t e  was  i n i t i a l l y  p r e p a r e d  b y  
P e r k i n . H i s  p r o c e d u r e  f o l l o w e d  t h e  c o u r s e  o f  an  a c e t o a c e t i c  o r  
m a l o n i c  e s t e r  c o n d e n s a t i o n .  I n  t h e s e  e s t e r s ,  t h e  m e th y le n e  g ro u p  
i s  u n u s u a l l y  r e a c t i v e  and  c a n  combine w i t h  a  b a s e  s u c h  a s  sod ium 
e t h o x i d e  t o  fo rm  a sod ium  s a l t  b y  a b s t r a c t i o n  o f  one o f  t h e  pseudo  
a c i d i c  h y d r o g e n s  a t t a c h e d  i n  t h e  m e th y le n e  g r o u p .  The sod ium s a l t  
t h u s  formed can  t h e n  b e  com bined  w i t h  a p o l y m e t h y l e n e  h a l i d e  t o  g i v e  
t h e  c o r r e s p o n d i n g  c y c l i c  s t r u c t u r e .  C o n s e q u e n t l y ,  p r e p a r a t i o n  o f  t h e  
c y c l o p r o p a n e  d i e s t e r  r e q u i r e s  a  s e q u e n c e  o f  s t e p s  a s  f o l l o w s s
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P e r k i n  r e p o r t e d  a  y i e l d  o f  2 7 - 2 9  p e r c e n t  f ro m  t h i s  m e th o d .
S i n c e  t h e  i n i t i a l  w ork  b y  P e r k i n  i n  1885 ,  o n l y  one r e p o r t  a p p e a r s  
i n  t h e  l i t e r a t u r e  w h ic h  a t t e m p t s  t o  im prove  on P e r k i n ’ s p r o c e d u r e *
T h i s  c o n t r i b u t i o n  was f rom  Dox and  Y o d e r ^ ^ ,  w i t h  t h e i r  method e n t a i l i n g
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a  s i m i l a r  r o u t e  b u t  p r o v i d i n g  a n  im proved  y i e l d  o f  a b o u t  40 p e r c e n t .
T h e i r  i n v e s t i g a t i o n  was p u b l i s h e d  i n  1921;  and  s i n c e  t h a t  t i m e ,  l i t e r a ­
t u r e  r e f e r e n c e s  d e a l i n g  w i t h  t h i s  c y c l o p r o p a n e  compound r e f e r  m a i n l y  
t o  i t s  p h y s i c a l  and  s p e c t r a l  p r o p e r t i e s ,  i n  w h ic h  c a s e  t h e  i n v e s t i g a t o r s  
o n l y  r e q u i r e d  a  s m a l l  amount o f  t h e  m a t e r i a l  and  w e r e ,  t h e r e f o r e ,  
p r o b a b l y  u n c o n c e r n e d  w i t h  t h e  low y i e l d ,
A 40 p e r c e n t  y i e l d ,  i n  many c a s e s ,  i s  a c c e p t a b l e  i f  t h e  method 
employed i s  such  t h a t  i t  c an  b e  e a s i l y  d u p l i c a t e d  when more m a t e r i a l  
i s  d e s i r e d .  The p r o c e s s  r e q u i r e d  t o  p r e p a r e  t h i s  compound,  h o w e v e r ,  
i s  q u i t e  t e d i o u s  i n  t h a t  t h e r e  a r e  s t r i n g e n t  r e s t r i c t i o n s  on  t h e  o r d e r  
o f  a d d i t i o n  o f  r e a c t a n t s  a n d  t e m p e r a t u r e  c o n t r o l .  T h e r e  a r e  num erous  
w ays  i n  w h i c h  one c a n  com bine  t h e s e  t h r e e  r e a c t a n t s ;  h o w e v e r ,  s u c c e s s  
h a s  b e e n  a c h i e v e d  o n l y  when t h e  sod ium  e t h o x i d e  i s  d i s s o l v e d  i n  
a b s o l u t e  a l c o h o l ,  t r a n s f e r r e d  t o  a  d r o p p i n g  f u n n e l  and  a d m i t t e d  
d r o p w i s e  t o  a m i x t u r e  o f  d i e t h y l m a l o n a t e  and  e t h y l e n e  b ro m id e  a s  
d e s c r i b e d  by Dox and Y o d e r ,
W i th  t h e  ho p e  o f  o b t a i n i n g  a  b e t t e r  y i e l d ,  s e v e r a l  o t h e r  
e x p e r i m e n t a l  r u n s  h a v e  b e e n  made w h ic h  d i f f e r  i n  o r d e r  o f  a d d i t i o n  
o f  t h e  t h r e e  s t a r t i n g  m a t e r i a l s  a s  w e l l  a s  t h e r m a l  c o n d i t i o n s .  A l l  
h a v e  b e e n  f a i l u r e s  s i n c e  l i t t l e  o r  no d i e t h y l  1 ,  l - c y c l o p r o p a n e d i c a r b o x y l a t e  
c o u ld  b e  i s o l a t e d .  A t t e m p t s  w h ic h  h av e  employed sodium h y d r i d e  a s  t h e  
b a s e  w i t h  d im e t h y l f o r m a m i d e  (DMF) a s  t h e  s o l v e n t  h a v e  a l s o  p r o v e n  t o  
be  u n s u c c e s s f u l .  Both  a b s o l u t e  a l c o h o l  and  DMF were  employed i n  
a n o t h e r  u n s u c c e s s f u l  a t t e m p t .  The s o d i o m a l o n a t e  s a l t  was f i r s t  
p r e p a r e d  i n  a b s o l u t e  e t h a n o l ,  f o l l o w e d  by  s e p a r a t i o n  f rom t h e  s o l v e n t  
b y  f i l t r a t i o n .  I t  was t h e n  d i s s o l v e d  i n  DMF and  t h e  e t h y l e n e  b ro m id e  
a d d e d .  A g a i n ,  none o f  t h e  d e s i r e d  d i e s t e r  was o b t a i n e d .  These  numerous
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f a i l u r e s  l e f t  no a l t e r n a t i v e  b u t  t o  u s e  t h e  method a s  e s t a b l i s h e d  by
P e r k i n  and amended by  Dox and  Y o d e r ,
T h e r e  p ro v ed  t o  b e  s t i l l  a n o t h e r  d i f f i c u l t y  w h ic h  was n o t  a p p a r e n t
a t  f i r s t  b u t  became i n c r e a s i n g l y  so  a s  t h e  i n v e s t i g a t i o n  p r o g r e s s e d .
T h i s  r e s u l t e d  f rom  t h e  i n a b i l i t y  t o  s e p a r a t e  t h e  d e s i r e d  p r o d u c t ,
d i e t h y l  1 , l - c y c l o p r o p a n e d i c a r b o x y l a t e ,  f rom  u n r e a c t e d  d i e t h y l  m a l o n a t e
by  d i s t i l l a t i o n .  The b o i l i n g  p o i n t s  h a v e  b e e n  r e p o r t e d  a s  215°C an d  
o
206 C r e s p e c t i v e l y  a t  760 mm p r e s s u r e ;  t h e  c l o s e n e s s  o f  w h ic h  a c c o u n t s  
f o r  t h i s  i n a b i l i t y  t o  e f f e c t  s i g n i f i c a n t  c h a n g e s  i n  t h e  c o m p o s i t i o n  
o f  t h i s  m i x t u r e  t h r o u g h  d i s t i l l a t i o n .  T h e o r e t i c a l l y ,  i t  s h o u ld  b e  
p o s s i b l e  t o  s e p a r a t e  t h e  two on t h e  b a s i s  o f  a c i d i t y ,  d i e t h y l  m a l o n a t e  
p o s s e s s i n g  a p a i r  o f  p seu d o  a c i d i c  h y d r o g e n s  w h i l e  t h e  c y c l o p r o p a n e  
a n a l o g  l a c k s  t h i s  a c i d i t y .  T h e r e f o r e ,  t h e  a t t e m p t  -sms made t o  fo rm  
t h e  s o d i o m a l o n a t e  s a l t  i n  a  n o n p o l a r  medium f rom  w h ic h  i t  w ould  
p r e c i p i t a t e  and  c o u l d  be  s e p a r a t e d  b y  f i l t r a t i o n .  H ow ever ,  a t t e m p t s  
a t  t h i s  s e p a r a t i o n  met  w i t h  no s u c c e s s .  I n i t i a l l y ,  a t t e n t i o n  was 
b r o u g h t  t o  t h e  p r e s e n c e  o f  t h e  i m p u r i t y  o f  d i e t h y l  m a l o n a t e  by t h e  
f o r m a t i o n  o f  a s o l i d  p r o d u c t  f rom  r e a c t i o n s  i n v o l v i n g  t h e  c y c l o p r o p a n e  
d i e s t e r  w i t h  p r im a r y  a m i n e s .  T h i s  s o l i d  was shown t o  b e  t h e  d i a m id e  
o f  m a l o n i c  a c i d  fo rm ed by a t t a c k  o f  t h e  p r i m a r y  amine i n v o l v e d  on 
t h e  two e s t e r  g ro u p s  o f  d i e t h y l  m a l o n a t e ,
CO C E  CONHR
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The c y c l o p r o p a n e  d i e s t e r  p r o v e d  l e s s  r e a c t i v e  and  rem ained  u n a f f e c t e d  
on  p e r i o d s  o f  s h o r t  h e a t i n g  w i t h  t h e  p r i m a r y  amine* T h i s  p r o c e s s  t h e n  
p r o v i d e d  a  means o f  s e p a r a t i n g  t h e  t w o .
I n  summary, t h e n ,  t h e  p r e p a r a t i o n  o f  p u r e  d i e t h y l  1 , 1 - o y c l o p r o p a n e -  
d i c a r b o x y l a t e  h a s  b e e n  a c h i e v e d  by  c o n d e n s i n g  d i e t h y l  m a l o n a t e  w i t h  
e t h y l e n e  b ro m id e  i n  t h e  p r e s e n c e  o f  sod ium  e t h o x i d e  f o l l o w e d  b y  com­
b i n i n g  t h e  p r o d u c t  f rom t h i s  r e a c t i o n  w i t h  b u t y l a m i n e .  A f t e r  a  s h o r t  
p e r i o d  o f  h e a t i n g ,  t h e  i m p u r i t y  i s  removed by f i l t r a t i o n  and a  f i n a l  
d i s t i l l a t i o n  g i v e s  t h e  p u r e  c y c l o p r o p a n e  d i e s t e r .
C y c l o p r o p a n e - 1 , 1 - d i o a r b o x a m i d e  i s  p r e p a r e d  by a m i d i s a t i o n  o f  
d i e t h y l  1 , 1 - c y o l o p r o p a n e d i c a r b o x y l a t e  w i t h  a q u eo u s  ammonia*
^COgCgEg ^ CONH^
Dox and  Y oder^^  h a v e  r e p o r t e d  a y i e l d  o f  84 p e r c e n t  from t h i s  
r e a c t i o n .  T h i s  I s  c o n t r a r y  t o  t h e  r e s u l t s  from t h e  p r e s e n t  i n v e s t i ­
g a t i o n ,  s i n c e  a t  no t i m e  h a s  t h i s  p r o d u c t  b e e n  o b t a i n e d  i n  y i e l d s  
o f  more t h a n  50 p e r c e n t .  The s u b s t i t u t i o n  o f  e t h e r e a l  ammonia f o r  
a q u e o u s  ammonia p r o v e d  t o  be  no more  s u c c e s s f u l .
E t h y l  1 - c y a n o c y c l o p r o p a n e - l - c a r b o x y l a t e  was a l s o  p r e p a r e d  
o r i g i n a l l y  by P e r k i n ,  f i r s t  b e i n g  r e p o r t e d  i n  1899.  The p r o c e d u r e  
f o l l o w s  t h e  same p r i n c i p l e  a s  f o r  t h e  d i e s t e r ;  h o w e v e r ,  t h i s  t i m e  
e m p lo y in g  e t h y l  c y a n o a c e t a t e  r a t h e r  t h a n  d i e t h y l  m a lo n a te *
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S i n c e  P e r k i n ' s  t i m e ,  s e v e r a l  i n v e s t i g a t o r s  have  a t t e m p t e d  t o
im prove  h i s  m e th o d ;  h o w e v e r ,  o n l y  s l i g h t  a l t e r a t i o n s  t o  t h e  o r i g i n a l
p r o c e d u r e  hav e  b e e n  a d v a n c e d .  R ec o rd e d  y i e l d s  hav e  b e e n  somewhat
h i g h e r  t h a n  t h o s e  f o r  t h e  d i e s t e r ,  w i t h  P e r k i n  r e p o r t i n g  y i e l d s
ab o v e  50 p e r c e n t  and  v a r i o u s  o t h e r s  r e p o r t i n g  y i e l d s  a s  h i g h  a s
80 p e r c e n t .  Y i e l d s  o b t a i n e d  i n  t h i s  p r e s e n t  i n v e s t i g a t i o n  hav e
b e e n  i n  t h i s  h i g h e r  c a t e g o r y ,
A s i m i l a r  p ro b le m  o f  c o n t a m i n a t i o n  by u n r e a c t e d  s t a r t i n g  m a t e r i a l ,
e t h y l  c y a n o a c e t a t e ,  h a s  b e e n  e n c o u n t e r e d  i n  t h i s  p r é p a r â t ion^  and a s
w i t h  t h e  d i e s t e r ,  i t  i s  b e s t  removed c h e m i c a l l y  by  t h e  a c t i o n  o f  a
p r i m a r y  am ine  on t h e  m i x t u r e .  S u b s e q u e n t  f i l t r a t i o n  t h e n  t a k e s  away
t h e  s o l i d  am ide  (CN —CH_— C/^ ) formed by  a t t a c k  o f  t h e  am ine  on t h e
^NHR
e s t e r  g ro u p  o f  e t h y l  c y a n o a c e t a t e .  A g a i n ,  l o s s  o f  t h e  c y c l o p r o p a n e  
compound by  a m i d i z a t i o n  i s  m i n i m a l .
A g a i n ,  i t  w ou ld  be  d e s i r a b l e  t o  e s t a b l i s h  a method o f  p r e p a r i n g  
e t h y l  1 - c y a n o c y c l o p r o p a n e - l - c a r b o x y l a t e  w h ic h  w ou ld  a f f o r d  p u r e  
p r o d u c t  and  e l i m i n a t e  t h e  n e c e s s i t y  f o r  t h e  p u r i f i c a t i o n  s t e p  making 
u s e  o f  t h e  p r i m a r y  a m i n e ,  A method h a s  b e e n  d e v i s e d  w h ich  d o e s  g i v e  
a much more  p u re  p r o d u c t .  H ow ever ,  t o  d a t e ,  t h i s  p r o c e d u r e  h a s  t h e
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d i s a d v a n t a g e  o f  p r o v i d i n g  p o o r e r  y i e l d s .  I t  i n v o l v e s  t h e  same s t a r t i n g  
m a t e r i a l s  a s  P e r k i n ’ s method h u t  d i f f e r s  i n  t h e r m a l  c o n d i t i o n  and  
o r d e r  u s e d  f o r  c o m b i n a t i o n  o f  t h e  t h r e e  r e a c t a n t s .  The e x a c t  p r o c e d u r e  
i s  d e s c r i b e d  in  d e t a i l  i n  t h e  e x p e r i m e n t a l  s e c t i o n  o f  t h i s  p a p e r .
The c o r r e s p o n d i n g  a m i d e ,  1 - c y a n o c y c l o p r o p a n e - 1 - c a r b o x a m i d e ,  h a s  
b e e n  p r e p a r e d  b y  a m i d i z i n g  e t h y l  1 - c y a n o c y c l o p r o p a n e - l - c a r b o x y l a t e  
w i t h  a q u e o u s  ammonia .  Y i e l d s  once  more hav e  n o t  e x c e e d e d  50 p e r c e n t .
The o t h e r  c y c l o p r o p a n e  compound o f  i n t e r e s t  i n  t h i s  i n v e s t i g a t i o n ,  
c y c l o p r o p a n e - 1 , 1 - d i c a r b o n i t r i l e ,  i s  p r e v i o u s l y  u n r e p o r t e d .  I t  was 
c o n s i d e r e d  l i k e l y  t h a t  t h i s  compound c o u l d  b e  o b t a i n e d  by  known m e th o d s  
o f  r e a c t i n g  e i t h e r  1 - c y a n o c y c l o p r o p a n e - l - o a r b o x a m i d e  o r  c y c l o p r o p a n e -  
1 ,  1 - d i c a r b o x a m i d e  w i t h  a d e h y d r a t i n g  a g e n t  su ch  a s  p h o s p h o ru s  p e n t o x i d e ,  
p h o s p h o ru s  p e n t a c h l o r i d e  o r  t h i o n y l  c h l o r i d e .  Both  o f  t h e s e  a p p r o a c h e s  
w e r e  s u c c e s s f u l  i n  t h e  p r e p a r a t i o n  o f  t h i s  compound. However ,  b e c a u s e  
o f  t h e  more f a v o r a b l e  c o n d i t i o n s  and  b e t t e r  y i e l d s  o b t a i n e d  i n  t h e  
p r e p a r a t i o n  o f  e t h y l  1 - c y a n o c y o l o p r o p a n e - l - c a r b o x y l a t e ,  t h i s  compound 
h a s  b e e n  employed e x c l u s i v e l y  a s  t h e  s t a r t i n g  p o i n t  i n  t h e  d i n i t r i l e  
p r e p a r a t i o n .  The s t e p w i s e  p r o c e d u r e ,  t h e n ,  i s  a s  f o l l o w s *
CN H O /  \  ON
f  -f-  NH — t — y
^CO C H 3 CONH„
2 2 5 2
,CN /  \  CN
(  +  P 0   > --L-----^
^CONH 2 5 CN
P h o s p h o r u s  p e n t o x i d e  p r o v e d  t o  be  t h e  o n l y  d e h y d r a t i n g  a g e n t  o f  t h e  
t h r e e  m e n t io n e d  above  t h a t  g av e  t h e  d e s i r e d  p r o d u c t .  Y i e l d s  o b t a i n e d
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f ro m  t h i s  d e h y d r a t i o n  s t e p  h a v e  b e e n  p o o r  w i t h  t h e  maximum y i e l d  
o b t a i n e d  b e i n g  45 p e r c e n t .
W i th  t h e  r o u t e  t o  c y c l o p r o p a n e - 1 , 1 - d i c a r b o n i t r i l e  j u s t  d e s c r i b e d  
l e a v i n g  much t o  b e  d e s i r e d  f rom  t h e  s t a n d p o i n t  o f  y i e l d ,  o t h e r  m e thods  
o f  p r e p a r a t i o n  w e r e  s o u g h t .  The m ost  o b v io u s  c h o i c e  would  b e  a  o n e -  
s t e p  p r o c e s s  i n v o l v i n g  t h e  c o n d e n s a t i o n  o f  mal o n o n i t r i l e  w i t h  e t h y l e n e  
b ro m id e  i n  t h e  p r e s e n c e  o f  a  b a s e .  T h i s  i s  b a s i c a l l y  t h e  same a s  t h a t  
employed f o r  t h e  c y c l o p r o p a n e  d i e s t e r  and  c y a n o e s t e r  and w o u ld ,  i f  
s u c c e s s f u l ,  fo rm  t h e  d e s i r e d  compound d i r e c t l y .
NaH /N CN
CH^(CN)„ -H BrCH^CH^Br --------- >
o r  
NaOEt
S e v e r a l  e x p e r i m e n t s  i n v o l v i n g  v a r i o u s  r e a c t i o n  c o n d i t i o n s  h av e  b e e n
c a r r i e d  o u t ,  b u t  u n f o r t u n a t e l y  n o  c y c l o p r o p a n e - 1 , 1 - d i c a r b o n i t r i l e  c o u l d
b e  o b t a i n e d  f ro m  t h i s  t y p e  o f  r e a c t i o n .
E x p e r i m e n t a l  w o rk  d i r e c t e d  a t  d e t e r m i n i n g  t h e  p o s s i b i l i t y  o f  r i n g
o p e n in g  o f  1 , 1 - d i s u b s t i t u t e d  c y o l o p r o p a n e s  by n u c l e o p h i l i c  a d d i t i o n  was
i n i t i a t e d  by  s t u d y i n g  t h e  r e a c t i o n  o f  c y c l o p r o p a n e - 1 , 1 - d i c a r b o n i t r i l e
( / ^ - ( C N ) g  ) w i t h  t h e  s e c o n d a r y  am ine  p i p e r i d i n e .  T h i s  was c o n s i d e r e d
a  l o g i c a l  s t a r t i n g  p o i n t  s i n c e  i t  was f e l t  t h a t  t h e  two n i t r i l e  g ro u p s
c o n n e c t e d  t o  one  c a r b o n  would  c a u s e  s u f f i c i e n t  e l e c t r o n  w i t h d r a w a l
f ro m  t h e  r i n g  t o  c r e a t e  t h e  n e c e s s a r y  e l e c t r o p h i l i c  c h a r a c t e r  w i t h i n
13
t h e  s y s t e m .  As i n d i c a t e d  e a r l i e r ,  K lu n d t  had  d e t e r m in e d  t h a t  c y c l o -  
p r o p a n e c a r b o n i t r i l e  ( - r.N) would  n o t  r e a c t  w i t h  s e c o n d a r y  a m i n e s .
The s i n g l e  n i t r i l e  g ro u p  a p p a r e n t l y  d i d  n o t  g i v e  s u f f i c i e n t  e l e c t r o n
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w i t h d r a w a l  f rom t h e  r i n g  so t h a t  am in es  c o u l d  a t t a c k  i t ,  a t  l e a s t
u n d e r  t h e  r e a c t i o n  c o n d i t i o n s  u s e d .
A s p o n ta n e o u s  r e a c t i o n  r e s u l t e d  f rom  m ix in g  p i p e r i d i n e  w i t h  t h e
d i n i t r i l e  i n  b e n z e n e ,  a s  e v i d e n c e d  by  e v o l u t i o n  o f  h e a t  and s e p a r a t i o n
o f  a c o l o r e d  l a y e r ,  Eemoval  o f  t h e  s o l v e n t ,  a f t e r  h a v i n g  washed t h e
c r u d e  p r o d u c t  w i t h  w a t e r ,  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  a  v i s c o u s  o i l
w h ic h  c o u l d  n o t  b e  r e c r y s t a l l i s e d  n o r  d i s t i l l e d  w i t h o u t  d e c o m p o s i t i o n .
I t  p ro v e d  p o s s i b l e  t o  i s o l a t e  a  p r o d u c t  by c o n v e r t i n g  t h e  c r u d e  r e a c t i o n
p r o d u c t  t o  a  h y d r o c h l o r i d e .  H ow ever ,  a n a l y s i s  o f  t h i s  h y d r o c h l o r i d e
d i d  n o t  c o r r e s p o n d  w i t h  c a l c u l a t e d  v a l u e s  f o r  t h e  s im p l e  m o n o - a d d i t i o n
compound e x p e c t e d  f ro m  t h e  r e a c t i o n  i n d i c a t e d ;
^CN / -----\  / ---- \  /C N  HCl
CN - h  m   >   N-CEgCHgCH ------ >  H y d r o c h l o r i d e
An i n f r a r e d  s p e c t r u m  o f  t h i s  h y d r o c h l o r i d e  showed no n i t r i l e  a b s o r p t i o n
peak  a t  4 , 5  and  h e n c e ,  i t  i s  e v i d e n t  t h a t ,  w h i l e  r i n g  o p e n in g  m ig h t
h av e  o c c u r r e d ,  a t t a c k  by t h e  amine  m us t  i n  some way have  a f f e c t e d  b o t h
o f  t h e  n i t r i l e  g r o u p s .  T h i s  was a n  u n e x p e c t e d  t y p e  o f  r e a c t i o n  s i n c e
a m in e s  do n o t  ad d  t o  s im p l e  n i t r i l e s ;  h o w e v e r ,  t h e r e  i s  e v i d e n c e  i n  t h e
l i t e r a t u r e  t o  s u p p o r t  a n i t r i l e  g r o u p  r e a c t i o n  o f  t h i s  n a t u r e  i f  a
s t r o n g  e l e c t r o n - w i t h d r a w i n g  g ro u p  i s  l o c a t e d  a d j a c e n t  t o  t h e  n i t r i l e
g r o u p .  Such i s  e x e m p l i f i e d  by  t h e  r e a c t i o n  o f  t r i f l u o r o a c e t o n i t r i l e
1 7w i t h  s e c o n d a r y  am in es  t o  p ro d u c e  a m i d i n e s ? - ^ '
%
F g C -C N  +  RgNH -------> F ^ C - C  =  NH
The e l e c t r o n - w i t h d r a w i n g  e f f e c t  o f  t h e  -CF^ g r o u p  e n h a n c e s  t h e  
e l e c t r o p h i l i c  c h a r a c t e r  o f  t h e  -CN c a r b o n  i n v o l v e d  i n  t h e  r e s o n a n c e
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h y b r i d  w h ic h  a l l o w s  t h i s  t y p e  o f  r e a c t i o n  t o  t a k e  p l a c e .  Cyanogen 
w i l l  a l s o  e x h i b i t  t h i s  same t y p e  o f  b e h a v i o r  when combined  w i t h  a n  
a m i n e .  I t  was b e l i e v e d  t h e n  t h a t  t h e  u n i d e n t i f i e d  p r o d u c t  m ig h t
/ \  C^NH
be  a  d i a m i d i n e  ( ^ =  ME H ow ever ,  t h i s  h y p o t h e s i s  was n o t
v a l i d a t e d  b y  e l e m e n t a l  a n a l y s i s  n o r  i n f r a r e d  s p e c t r o s c o p y .  The
- 1-C = N “ a b s o r p t i o n  peak  b e tw e e n  1600 and  1650 cm , w h ic h  i s  p r o m in e n t  
i n  a m i d i n e s  was e n t i r e l y  a b s e n t  f rom  t h e  s p e c t r u m  o f  t h i s  h y d r o c h l o r i d e ,  
F u r t h e r m o r e ,  a m i d i n e s  a r e  e a s i l y  h y d r o l y z e d  t o  t h e  c o r r e s p o n d i n g  am id es ,  
a  r e a c t i o n  w hich  t h i s  unknown p r o d u c t  d i d  n o t  u n d e r g o .
As a n o t h e r  h y p o t h e t i c a l  a p p r o a c h ,  i t  was c o n s i d e r e d  p o s s i b l e  t h a t  
one o r  b o t h  o f  t h e  n i t r i l e  g r o u p s  had b e e n  e n t i r e l y  r e p l a c e d  b y  am ine  
f u n c t i o n s .  The b a s i s  f o r  t h i s  p o s t u l a t e  was t h e  r e p o r t e d  r e a c t i o n  o f
n Q
t e t r a c y a n o e t h y l e n e  w i t h  a m in e s*  I t  has  b e e n  d e m o n s t r a t e d  t h a t  t h i s  
compound w i l l  u n d e r g o  r e p l a c e m e n t  o f  a n i t r i l e  g ro u p  when t r e a t e d  w i t h  
a n  a m i n e ,
NO /CN . NC /CN
C =  C +  R NH  >  )C =C
NC CN ^ NC NR
A g a i n ,  h o w e v e r ,  e l e m e n t a l  a n a l y s i s  d a t a  o f  t h e  unknown compound d i d  n o t
i n d i c a t e  t h a t  t h i s  t y p e  o f  r e p l a c e m e n t  r e a c t i o n  had o c c u r r e d .
R e t u r n i n g  once  a g a i n  t o  t h e  s i m i l a r i t i e s  b e t w e e n  o l e f i n s  and
c y o l o p r o p a n e s ,  i t  c a n  be  s e e n  t h a t  a  r e a s o n a b l e  a n a l o g y  c a n  be  d rawn
b e t w e e n  c y c l o p r o p a n e - l ^ l - d i o a r b o n i t r i l e  and  m e th y le n e  m a l o n o n i t r i l e  
/CN
( CH %= C ) ,  U n f o r t u n a t e l y ,  h o w e v e r ,  t h e  l i t e r a t u r e  c o n t a i n s  no
^ 'cN
i n f o r m a t i o n  on t h e  r e a c t i o n s  o f  t h i s  compound w i t h  a n h y d r o u s  am in es  
n o r  a r e  t h e r e  a n y  r e p o r t s  o f  t h e i r  e f f e c t  on m a l o n o n i t r i l e ,  w h ich
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m i g h t  p r o v i d e  a c l u e  a s  t o  t h e  i d e n t i t y  o f  t h e  unknown p r o d u c t .  A 
f i n a l  r a t i o n a l i z a t i o n ,  t h e n ,  i s  t h a t  t h e  i n a b i l i t y  t o  e s t a b l i s h  a  
s t r u c t u r e  c o n s i s t a n t  w i t h  a n a l y s i s  may l i k e l y  be  due t o  po lym er  
f o r m a t i o n  i n  t h e  p r o d u c t .
The e x p e r i m e n t a l  w ork  w i t h  c y c l o p r o p a n e - 1 , 1 - d i c a r b o n i t r i l e  made 
i t  a p p a r e n t  t h a t  i f  w ork  a l o n g  t h o s e  l i n e s  o r i g i n a l l y  p r o p o s e d  was t o  
b e  c o n t i n u e d  i t  w ould  be  n e c e s s a r y  t o  make u s e  o f  o t h e r  1 , 1 - d i s u b s t i t u t e d  
c y o l o p r o p a n e s  i n  w h ic h  p r e f e r e n t i a l  a t t a c k  o f  n u c l e o p h i l e s  c o u l d  n o t  
o c c u r  a t  t h e  s u b s t i t u e n t  g r o u p s .  H e n c e ,  w ork  was s h i f t e d  t o  i n v e s t i g a t e  
t h e  e f f e c t s  o f  a m in e s  on d i e t h y l  1 , l - c y c l o p r o p a n e d i c a r b o x y l a t e
/ N / C O  CgHg
( L—3 —COgCgHg). When t h i s  d i e s t e r  was t r e a t e d  w i t h  p i p e r i d i n e  
b o t h  i n  t h e  p r e s e n c e  and a b s e n c e  o f  a s o l v e n t  and r e f l u x e d  f o r  t w e n t y  
h o u r s ,  a p r o d u c t  was o b t a i n e d  w h ic h  c o u ld  be d i s t i l l e d .  I t  was b a s i c  
and  fo rm ed d e r i v a t i v e s  c h a r a c t e r i s t i c  o f  t e r t i a r y  a m i n e s ,  w h ich  
i n d i c a t e d  t h a t  t h e  d e s i r e d  o p e n - c h a i n  compound had b e e n  formed by  
a d d i t i o n  o f  p i p e r i d i n e  and  f i s s i o n  o f  t h e  c y c l o p r o p a n e  r i n g  »
£>
n  ^ N -C S g C H g C H (O O g C g E g ) .
Maximum y i e l d  o f  t h e  p r o d u c t  was o b t a i n e d  when no s o l v e n t  was u s e d  
and  a  2 t o  1 r a t i o  o f  am ine  t o  d i e s t e r  was e m p lo y e d .  T a b l e  I  shows 
t h e  e f f e c t s  o f  v a r y i n g  c e r t a i n  o f  t h e  r e a c t i o n  c o n d i t i o n s .
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T A B L E  I
Mole R a t i o  
Amine -  D i e s t e r S o l v e n t
L e n g th  o f  Time 
R e f l u x e d ,  78°C 
( h o u r s )
P e r c e n t a g e  Y i e l d  o f  
O p e n - c h a in  P r o d u c t *
1 1 A b s ,  A l c o h o l 6 20
1 I A b s ,  A l c o h o l 20 41
2 1 B enzene 20 11
2 1 Benzene 72 52
2 1 T o lu e n e 20^ 35
2 1 20° 73
a .  Based on t o t a l  amount o f  e s t e r  u s e d ,  t h e s e  v a l u e s  a r e  n e c e s s a r i l y  
l o w e r  t h a n  t h e  a c t u a l  v a l u e  f o r  c o n v e r s i o n  b a s e d  o n  p u r e  d i e t h y l
1 , 1 - c y c l o p r o p a n e d i c a r b o x y l a t e  s i n c e  t h e  t o t a l  amount o f  e s t e r  
u s e d  c o n t a i n e d  a p p r o x i m a t e l y  20  p e r c e n t  d i e t h y l m a l o n a t e .
b .  106°C
c .  102°C
The f o r m u la  i n d i c a t e d  f o r  p r o d u c t  I  shows t h e  p i p e r i d i n e  g r o u p  
a t t a c h e d  t o  a ^ -  c a r b o n  w i t h  r e s p e c t  t o  s u b s t i t u t i o n  by  t h e  e s t e r  
g r o u p s .  T h i s  i n d i c a t e s  t h a t  i n i t i a l  a t t a c k  s h o u ld  be  by t h e  n u c l e o p h i l e ,  
e i t h e r  t h e  p i p e r i d i n e  m o l e c u l e  o r  p i p e r i d i d e  i o n ,  a t  t h e  more p o s i t i v e  
p o s i t i o n ,  t h i s  b e i n g  t h e ^ -  p o s i t i o n  a s  p o s t u l a t e d  e a r l i e r .  A l t h o u g h  
i t  i s  c o n c e i v a b l e  t h a t  a n  i s o m e r  w i t h  t h e  a d d i t i o n  j u s t  r e v e r s e d
yCO^CgSg
(CH CH-C-CC^CgEc ) c o u l d  r e s u l t ,  no such  compound h a s  b e e n  i s o l a t e d  
3 ^ \  /—\o
f ro m  t h i s  r e a c t i o n .  The s t r u c t u r e  I ,  d i e t h y l  ^ - p i p e  r i d  ino  e t h y l -  
m a l o n a t e ,  i s  a known compound and  t h e  b o i l i n g  p o i n t  and r e f r a c t i v e
X9i n d e x  o f  o u r  compound w e re  i n  c l o s e  a g r e e m e n t  w i t h  r e p o r t e d  v a l u e s .
P r o o f  o f  s t r u c t u r e  f o r  t h i s  o p e n - c h a i n  p r o d u c t  was a c c o m p l i s h e d  b y
1 9
p r e p a r i n g  i t  by  t h e  u n e q u i v o c a l  r o u t e  d e s c r i b e d  in  t h e  l i t e r a t u r e .  
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T h i s  method  i n v o l v e d  t h e  c o n d e n s a t i o n  o f p i p e r i d i n o e t h y l  c h l o r i d e  
w i t h  t h e  sod ium  s a l t  o f  d i e t h y l m a l o n a t e  s
CN — C H _ C H _ C 1  _  / C C r C _ H c  < ^ N - C H « C H , C H ( C O p C « B q ) pJ  2  2  +  m Z  - C H  2  2  5  - - - - - - ^  I I 2  ^  ^  C f
C o m p a r i so n  o f  b o i l i n g  p o i n t s ,  r e f r a c t i v e  i n d i c i e s  and  i n f r a r e d  s p e c t r a
f o r  t h e  p r o d u c t  f ro m  t h e s e  two r e a c t i o n s  i n d i c a t e  a common p r o d u c t .
F u r t h e r m o r e ,  b o t h  o f  t h e s e  compounds have  b e e n  c o n v e r t e d  t o  t h e
I^ N -C H g C H g C n C co m g )  
c o r r e s p o n d i n g  s o l i d  d i a m i d e s ,  ,  I I ,  w i t h
m e t h a n o l i c  ammonia; and  a mixed m e l t i n g  p o i n t  d e t e r m i n a t i o n  w i t h  t h e
a m id e s  showed no d e p r e s s i o n .
At f i r s t  g l a n c e ,  i t  would  a p p e a r  t h a t  v e r i f i c a t i o n  o f  r i n g  c l e a v a g e
c o u l d  be a c h i e v e d  much more s im p l y  by  means o f  i n f r a r e d  s p e c t r o s c o p y .
The l i t e r a t u r e  c o n t a i n s  numerous  s t u d i e s  w h ich  p r o v i d e  d a t a  c o n c e r n e d
w i t h  c h a r a c t e r i s i n g  t h e  c y c l o p r o p a n e  r i n g  s t r u c t u r e  by i t s  a b s o r p t i o n
i n  t h i s  r e g i o n  o f  t h e  s p e c t r a .  A s u r v e y  o f  t h e s e  r e f e r e n c e s  i n d i c a t e s
t h a t  i n  o v e r  t h r e e  h u n d r e d  d e r i v a t i v e s  o f  c y c l o p r o p a n e  t e s t e d ,  a l l
had  a  p e a k  n e a r  9 , 7  m  » O t h e r  r e p o r t s  i n d i c a t e  m o d e r a t e l y  s t r o n g
b a n d s  n e a r  1 0 ,3  an d  1 1 . 7 ^  « U n f o r t u n a t e l y ,  h o w ev er ,  i t  has  become
a p p a r e n t  t h a t  a n a l y s i s  by  t h i s  s p e c t r a l  method i s  n o t  p o s s i b l e  i n
t h e  p r e s e n t  c a s e .  The d i f f i c u l t y  a r i s e s  f rom  t h e  f a c t  t h a t  a b s o r p t i o n
p e a k s  m e n t io n e d  p r e v i o u s l y  a s  c h a r a c t e r i s t i c  o f  t h e  c y c l o p r o p a n e  r i n g
a p p e a r  a l s o  in  o p e n - c h a i n  a l k y l  s u b s t i t u t e d  m a l o n a t e s .  F o r  i n s t a n c e ,
a s p e c t r u m  o f  d i e t h y l  e t h y l m a l o n a t e  (CHgCHgCHCCOgEt)g) shows a  s t r o n g
a b s o r p t i o n  c l o s e  t o  9 . 7  /(Y a n d  a l s o  one  n e a r  t h e  1 0 ,3  and  1 1 .7  M
v a l u e s .  S i n c e  t h i s  l a t t e r  g ro u p  s t r u c t u r e  i s  an  i n t e g r a l  p a r t  o f
t h e  p r o d u c t s  f rom t h e  r e a c t i o n  o f  d i e t h y l  1 , l - c y c l o p r o p a n e d i c a r b o x y l a t e
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w i t h  a m i n e s ,  i t  i s  a p p a r e n t l y  i m p o s s i b l e  t o  e s t a b l i s h  b y  t h i s  method
w h e t h e r  o r  n o t  c l e a v a g e  o f  t h e  r i n g  h a s  o c c u r r e d .  T h i s  c o n t e n t i o n
20was s u p p o r t e d  on a g e n e r a l  b a s i s  b y  H o r s t  W ei tkam p,  e t .  a l . ,  who 
s t a t e d  t h a t ,  "An i d e n t i f i c a t i o n  o f  t h e  c y c l o p r o p a n e  s t r u c t u r e  e x c l u s i v e l y  
by  i n f r a r e d  s p e c t r o s c o p y  i s  p r e s e n t l y  n o t  p o s s i b l e , "
A s p e c t r o g r a m  h a s  a l s o  b e e n  o b t a i n e d  f o r  d i e t h y l  j g - p i p e r i d i n o -
21
e t h y l m a l o n a t e  i n  t h e  n e a r - i n f r a r e d  r e g i o n  ( 1 . 0 - 3 . 0  )* E ,  F ,  Goddu
h a s  p u t  t o g e t h e r  a s p e c t r a - s t r u c t u r e  c o r r e l a t i o n  c h a r t  f o r  t h i s  r e g i o n  
w h ic h  i n d i c a t e s  a b s o r p t i o n  p eak s  f o r  c y c l o p r o p a n e s  a t  1 . 3 7 ,  1 , 6 7  and  
2 . 2 2  a The s c a n  f o r  t h e  p r o d u c t  m e n t io n e d  ab o v e  shows no a b s o r p ­
t i o n  a t  e i t h e r  o f  t h e  f i r s t  two l o c a t i o n s ,  w h ic h  p r o b a b l y  i n d i c a t e s  
a b s e n c e  o f  a  t h r e e - m e m b e r e d  r i n g  s t r u c t u r e .  T h i s  l a t t e r  s t a t e m e n t  i s  
q u a l i f i e d  w i t h  t h e  word " p r o b a b l y "  s i n c e  n e a r - i n f r a r e d  a n a l y s i s  i s  a  
new f i e l d  and  a s  y e t  t h e  i n v e s t i g a t i o n  o f  s p e c i f i c  s t r u c t u r e s  su c h  a s  
t h o s e  o f  s m a l l - r i n g  compounds h a s  b e e n  v e r y  l i m i t e d .
When d i e t h y l a m i n e  was u s e d  a s  t h e  n u c l e o p h i l e ,  t h e  r i n g  o f  d i e t h y l  
c y c l o p r o p a n e - 1 , 1 - d i c a r b o x y l a t e  was c l e a v e d  i n  a  m anner  i d e n t i c a l  t o  
t h a t  shown w i t h  p i p e r i d i n e s  
\ ^ / C 0  C.H,,
4- (CgHg)gNH -------->  (CgH5)2NCH2CH2CH(C02C2Hg)2
I I I
The b o i l i n g  p o i n t  a n d  r e f r a c t i v e  i n d e x  f o r  I I I  a g r e e  v e r y  c l o s e l y
w i t h  t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e  f o r  d i e t h y l  ^ ^ ^ - d i e t h y l a m i n o -
e t h y l m a l o n a t e  a s  p r e p a r e d  b y  t h e  u n e q u i v o c a l  r o u t e  d e s c r i b e d  e a r l i e r
19f o r  t h e  p i p e r i d i n e  a n a l o g .  E l e m e n t a r y  a n a l y s i s  a l s o  c o n f i r m e d  t h e  
p r o d u c t  i n d i c a t e d  a b o v e .
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A f t e r  h a v i n g  e x p e r i e n c e d  t h e  s u c c e s s  j u s t  d e s c r i b e d  w i t h  d i e t h y l
1 , l - = o y o I o p r o p a n e d i c a r b o x y l a t e ,  a  s i m i l a r  s t u d y  was n e x t  d i r e c t e d
t o w a r d  r e a c t i o n s  o f  s e c o n d a r y  a m in e s  and  c y c l o p r o p a n e  1 , l ^ d i c a r b o x a m i d e .
T h i s  compound was t r e a t e d  w i t h  p i p e r i d i n e  i n  t h e  p r e s e n c e  o f  a b s o l u t e
e t h a n o l  and  r e f l u x e d  f o r  t h e  same p e r i o d  o f  t i m e  a s  was u se d  w i t h  t h e
d i e s t e r .  However ,  w i t h  t h i s  d i a m id e  no  p r o d u c t  c o u l d  be  o b t a i n e d  a f t e r
t w e n t y  h o u r s  o f  h e a t i n g ,  and  i t  was fo und  n e c e s s a r y  t o  keep  t h e  r e a c t a n t s
a t  78°C f o r  a much l o n g e r  t i m e  i n  o r d e r  t o  a c q u i r e  s i g n i f i c a n t  am ounts
o f  p r o d u c t .  Maximum y i e l d s  w e r e  o b t a i n e d  o n l y  a f t e r  one h u n d r e d  h o u r s
o f  h e a t i n g .  The p r o d u c t  f rom  t h i s  r e a c t i o n  h a s  a l s o  b e e n  p r o v e n  t o  be
n o n - c y c l i c  i n  c h a r a c t e r  and  once a g a i n  was fo rmed by n u c l e o p h i l i c  a t t a c k
a t  a p o s i t i o n  o f  t h e  c y c l o p r o p a n e  r i n g  a cc o m p a n ie d  by r i n g  f i s s i o n
and  p r o t o n a t i o n  a t  t h e  o C - p o s i t i o n  t o  g i v e ^  -  p i p e r  id  i n o e t h y l m a l o n a m i d e ;
-CONH^ , , ----\  r ^ N  CH_CH_CH(COMIpL
CONHg +  E --------- ^  ^ ^ ^
S t r u c t u r a l  p r o o f  f o r  t h i s  p r o d u c t  was s i m p l y  a  m a t t e r  o f  showing t h a t
i t  was t h e  same a s  t h e  d i a m id e  ( l l )  p r e p a r e d  by  e i t h e r  o f  t h e  two
m ethods  p r e v i o u s l y  d e s c r i b e d  t h r o u g h  t h e  d i e s t e r ,  A mixed m e l t i n g
p o i n t  d e t e r m i n a t i o n  w i t h  t h e  two showed no d e p r e s s i o n ;  h e n c e  v e r i f y i n g
t h a t  t h e  r i n g  o f  c y c l o p r o p a n e - 1 , 1 - d i c a r b o x a m i d e  was c l e a v e d  b y  n u c l e o p h i l i c
ad d  i t  i o n .
/ \ / C N
E t h y l  l - c y a n o c y c l o p r o p a n e - l - c a r b o x y l a t e  ( —CO^CgH^) and  1 - c y a n o -
A . " ™c y c l o p r o p a n e - 1 - c a r b o x a m i d e  ( <-—j  —CONH^) when t r e a t e d  w i t h  s e c o n d a r y  
a m in e s  a c c o r d e d  t h e  same t y p e  o f  p r o d u c t  s t r u c t u r e s  a s  t h o s e  fo rm ed  b y  
t h e  c y c l o p r o p a n e  d i e s t e r  a n d  t h e  d i a m i d e .  U n d er  no c o n d i t i o n s  was t h e  
n i t r i l e  g ro u p  i n  e i t h e r  o f  t h e s e  compounds found  t o  b e  a f f e c t e d  by t h e
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a m i n e ,  n o r  w e r e  p o l y m e r i c  p r o d u c t s  o b t a i n e d  a s  was t h e  c a s e  w i t h
e y e l o p r o p a n e - l j l - d i c a r b o n i t r i l e e  W i th  t h e  c y a n o e s t e r ,  a s  w i t h  t h e
d i e s t e r ,  optimum y i e l d s  w e r e  o b t a i n e d  when no s o l v e n t  was u s e d ,  a n d
when t h e  am ine  was p r e s e n t  i n  a  m o l a r  amount t w i c e  t h a t  o f  t h e
c y c l o p r o p a n e  compound.  The p r o d u c t  o b t a i n e d  u s i n g  p i p e r i d i n e  a s  t h e
n u c l e o p h i l e  was t h e n  e t h y l  2 - c y a n o  2 - ( ^  — p i p e r i d i n o e t h y l )  a c e t a t e s
/CN
yCN , /— \  _ ( ^ N -C H ^ C H ^ C H
T h i s  compound i s  p r e v i o u s l y  u n r e p o r t e d ;  h e n c e ,  t h e r e  a r e  no r e c o r d e d  
p h y s i c a l  p r o p e r t i e s  t o  w h ic h  i t  c o u l d  be  com pared .  By arm.logy t o  t h e  
s t r u c t u r e  p r o o f  em ployed  f o r  t h e  d i e s t e r ,  i t  a p p e a r e d  l i k e l y  t h a t  a  
s i m i l a r  r o u t e  s h o u ld  be p o s s i b l e  f o r  unam biguous  s y n t h e s i s  o f  compound 
1 7 ;  t h e  o n l y  d i f f e r e n c e  b e i n g  i n  t h e  s o d i o - o r g a n i c  s a l t  u s e d .  C o n s e q u e n t l y ,  
^ - p i p e r i d i n o e t h y l c h l o r i d e  was  combined w i t h  t h e  sod ium  s a l t  o f  e t h y l  
c y a n o a c e t a t e  g
_  xCN
N-CH„CH Cl  ^ ,CN N - C H  CH CE
2 2 eg  ^  I I 2 2 \C 0
^CO C H 2 5
2 2 5
A n a l y s i s  f o r  t h e  p r o d u c t  o b t a i n e d  a g r e e d  w i t h  t h e  s t r u c t u r e  i n d i c a t e d ,
A c o m p a r i s o n  o f  t h e  i n f r a r e d  s p e c t r a  o f  t h i s  compound a n d  t h a t  o f  IV 
c o n f i r m e d  t h a t  t h e  two w e r e  t h e  same,  t h u s  e s t a b l i s h i n g ,  once  a g a i n ,  
t h a t  r i n g  o p e n in g  had t a k e n  p l a c e ,  and  i n  t h e  manner  i l l u s t r a t e d .
As s t a t e d  b e f o r e ,  i t  p ro v e d  t o  b e  i m p o s s i b l e  t o  e s t a b l i s h  t h e  
p r e s e n c e  o r  a b s e n c e  o f  t h e  c y c l o p r o p a n e  r i n g  s t r u c t u r e  by  i n f r a r e d  
s p e c t r o s c o p y  I h o w e v e r ,  a  s p e c t r u m  o f  t h i s  t y p e  i s  u s e f u l  i n  t h a t  i t  
i n d i c a t e s  w h e t h e r  o r  n o t  t h e  n i t r i l e  g ro u p  has  r e m a in e d  u n a f f e c t e d .
The p r e s e n c e  o f  t h e  n i t r i l e  g ro u p  i n  IV i s  m a n i f e s t e d  by a  weak
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a b s o r p t i o n  p e ak  a t  4 , 5  M  » The w ea k n e s s  o f  t h i s  band i s  e x p l a i n e d
22
b y  t h e  f o l l o w i n g  q u o t e  f rom  B e l l a m y ,  "The  i n t r o d u c t i o n  o f  a n
o x y g e n a t e d  g ro u p  i n t o  t h e  m o l e c u l e  r e s u l t s  i n  a  'q u e n c h in g *  o f  t h e
C N a b s o r p t i o n  i n t e n s i t y  t o  a  r e m a r k a b l e  e x t e n t ,  and i t s  e f f e c t  i s
g r e a t e r  when t h e  o x y g e n - c o n t a i n i n g  g ro u p  i s  a t t a c h e d  t o  t h e  same
c a r b o n  a to m  a s  t h e  n i t r i l e * "
The r e a c t i o n  o f  1 - o y a n o c y c l o p r o p a n e - l - c a r b o x a m i d e  w i t h  p i p e r i d i n e
a l s o  r e s u l t s  i n  a n  o p e n - c h a i n  p r o d u c t  a s  i n d i c a t e d *
/CN
/ - ^  ^ N - C H O H O H
2 7
The c y c l o p r o p a n e  r i n g  i n  t h i s  am id e  i s  c o n s i d e r a b l y  more s u s c e p t i b l e  
t o  c l e a v a g e  t h a n  t h a t  i n  t h e  d i a m id e  a s  d i s p l a y e d  by  f o r m a t i o n  o f  good 
y i e l d s  o f  2 - c y a n o  2 - (  ^  - p i p e r i d i n o e t h y l ) a c e t a m i d e  i n  o n e - f o u r t h  t h e  
t i m e  r e q u i r e d  t o  g e t  c o m p a r a b le  r e s u l t s  w i t h  e y e l o p r o p a n e - 1 , l - d i c a r b o x a m i d e *  
S e a t i n g  f o r  t w e n t y - f o u r  h o u r s  gave  t h e  optimum y i e l d  o f  t h e  a f o r e ­
m e n t io n e d  p r o d u c t .  N e a r  i n f r a r e d  a n a l y s i s  a l s o  i n d i c a t e d  an  o p e n - c h a i n  
s t r u c t u r e  s i n c e  no a b s o r p t i o n  was fo u n d  i n  t h e  r e g i o n s  a s s i g n e d  t o  bonds  
c h a r a c t e r i s t i c  o f  t h e  c y c l o p r o p a n e  r i n g  s t r u c t u r e .  U n e q u i v o c a l  p r o o f  o f  
s t r u c t u r e  V was a c h i e v e d  by  a m i d i z i n g  t h e  a p p r o p r i a t e  e s t e r  
/ — \ %CN
\  N-CH CH CH Î t h e n  d e m o n s t r a t i n g  t h a t  p r o d u c t  V f rom t h e  c y c l o -
^ ^  ^ ^COgCgHg
p r o p a n e  r e a c t i o n  an d  t h i s  am ide  w ere  t h e  same,  A mixed m e l t i n g  p o i n t  
d e t e r m i n a t i o n  w i t h  t h e  two showed no d e p r e s s i o n .
The r e a c t i o n s  i n v o l v i n g  t h e  l a t t e r  f o u r  c y c l o p r o p a n e s  j u s t  d e s c r i b e d  
w e r e  c a r r i e d  o u t  e i t h e r  w i t h o u t  a s o l v e n t  o r  i n  t h e  p r e s e n c e  o f  e i t h e r
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a b s o l u t e  e t h a n o l  o r  b e n z e n e .  A s i d e  f rom  p e r c e n t a g e  y i e l d ,  t h e  same 
p r o d u c t s  w e re  fo rm ed  i r r e s p e c t i v e  o f  s o l v e n t  c o n d i t i o n s .  A q u i t e  
d i f f e r e n t  s i t u a t i o n  was e n c o u n t e r e d  when d im e th y l fo r m a m id e  (DMF) was 
em ployed  a s  t h e  s o l v e n t  medium. D i e t h y l  1 , 1 - c y c l o p r o p a n e d i c a r b o x y l a t e ,  
when h e a t e d  w i t h  p i p e r i d i n e  i n  t h e  p r e s e n c e  o f  DMF, r e s u l t e d  i n  two 
p r o d u c t s  n o t  p r e v i o u s l y  d e s c r i b e d .  Both  w e re  l i q u i d s  formed b y  ex ch a n g e  
r e a c t i o n s  b e tw e e n  t h e  am ine  g ro u p  i n  t h e  am ide  s t r u c t u r e  o f  DMF and  
t h e  e t h o x y  g r o u p s  i n  t h e  e s t e r .  The p r o d u c t  p r e v i o u s l y  d e s c r i b e d  a s  
r e s u l t i n g  f rom  t h e  c o m b i n a t i o n  o f  p i p e r i d i n e  a n d  d i e t h y l  1 , 1 - c y c l o -  
p r o p a n e d i c a r b o x y l a t e  was p r e s u m a b l y  f i r s t  fo rmed f o l l o w e d  by t h e  e x c h an g e  
m e n t io n e d  aboves
/P
,0 H-C
C /COoCpHcN-CH CH CH
J  ^  ^  ^ C 0 N ( C H g ) 2
C /C-OC H N(CH ) VIN-CEgCHgCH    >
^ ^ \CON(CEg)g
V I I
T h e s e  s t r u c t u r e s  w e re  a s s i g n e d  on t h e  b a s i s  o f  e l e m e n t a l  a n a l y s i s  and  
t h e i r  s p e c t r a l  an d  c h e m i c a l  p r o p e r t i e s .  The i n f r a r e d  s p e c t ru m  o f  b o t h  
e x h i b i t s  a n  am ide  I  band  a t  6 . 0 5  ,  and  a c a r b o x y l  band  a t  5 . 7 5  ^  i s
e v i d e n t  i n  t h e  one  p resum ed t o  c o n t a i n  t h e  e s t e r  g r o u p .  The two p r o d u c t s  
e x h i b i t e d  c h e m i c a l  p r o p e r t i e s  g e n e r a l l y  a s c r i b e d  t o  t e r t i a r y  a m i n e s ,  
s i n c e  VI was c o n v e r t e d  t o  a  q u a t e r n a r y  s a l t  w i t h  io dom ethane  and  V I I  was 
t r a n s f o r m e d  t o  a h y d r o c h l o r i d e .  F u r t h e r m o r e ,  n e i t h e r  was s o l u b l e  i n  
w a t e r  b u t  b o t h  were  m i s c i b l e  w i t h  d i l u t e  a c i d .
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R e s u l t s  f rom r e a c t i o n s  e m p lo y in g  a m in e s  a n d  t h e  c y c l o p r o p a n e  
d i a m i d e ,  c y a n o e s t e r  and cy an o am id e  i n  DMF w e r e  i n c o n c l u s i v e ,  and  
t h e r e f o r e ,  i t  was n o t  p o s s i b l e  t o  a s s i g n  s t r u c t u r e s  t o  p r o d u c t s  f rom  
t h e s e  r e a c t i o n s .
I t  c an  b e  n o t e d  t h a t  r e a c t i o n s  d i s c u s s e d  t h u s  f a r  have  c o n c e r n e d  
o n l y  s e c o n d a r y  am in es  a s  t h e  n u c l e o p h i l i c  r e a g e n t s .  Many d i f f i c u l t i e s  
w e r e  e n c o u n t e r e d  i n  i s o l a t i n g  p r o d u c t s  from r e a c t i o n s  em ploy ing  p r i m a r y  
a m i n e s .  As m e n t io n e d  b e f o r e ,  r e a c t i o n s  o f  c y c l o p r o p a n e  compounds h a v in g  
s u b s t i t u e n t  e s t e r  g r o u p s  w i t h  p r i m a r y  am ines  l e d  t o  t h e  d i s c o v e r y  o f  
m arked  c o n t a m i n a t i o n  o f  t h e  c y c l o p r o p a n e s  by t h e  r e s p e c t i v e  p a r e n t  
e s t e r s ,  d i e t h y l  m a l o n a t e  and e t h y l  c y a n o a c e t a t e .  These  l a t t e r  e s t e r s  
r e a c t e d  p r e f e r e n t i a l l y  w i t h  t h e  p r i m a r y  a m in e s  t o  form low m e l t i n g  
am ides  w h ic h  w e r e  v e r y  d i f f i c u l t  t o  s e p a r a t e  f rom  o t h e r  r e a c t i o n  
p r o d u c t s .  I n  f a c t ,  i t  was fo und  n e c e s s a r y  t o  remove t h e s e  u n d e s i r e d  
e s t e r s  f i r s t  b e f o r e  p r o d u c t s  c o u ld  be o b t a i n e d  t h a t  r e s u l t e d  f rom t h e  
a c t i o n  o f  t h e  p r i m a r y  am ine  on d i e t h y l  1 , 1 - c y c l o p r o p a n e d i c a r b o x y l a t e  o r  
e t h y l  l = c y a n o c y c l o p r o p a n e - l - o a r b o x y l a t e ,  Even  a f t e r  rem ova l  o f  t h e s e  
unw an ted  c o n t a m i n a n t s ,  p r o d u c t s  w e r e  much more un m an ag eab le  t h a n  i n  
r e a c t i o n s  em p lo y in g  p i p e r i d i n e  a s  t h e  n u c l e o p h i l e .  The d i f f i c u l t y  
stemmed from t h e  f a c t  t h a t  most w ere  o i l s  t h a t  c o u l d  n o t  be c r y s t a l l i s e d  
an d  c o u l d  be d i s t i l l e d  o n l y  u n d e r  c o n d i t i o n s  o f  h i g h  t e m p e r a t u r e  and low 
p r e s s u r e .  From r e a c t i o n s  i n v o l v i n g  c y c l o p r o p a n e - 1 , 1 - d i c a r b o x a m i d e  and 
l “ C y a n o c y c l o p r o p a n e - I “ C a rb o x a m id e ,  o n l y  t h e  u n r e a c t e d  am id es  w e re  o b t a i n e d  
p l u s  a  s m a l l  amount o f  u n w o r k a b le  o i l .
Most  o f  t h e  w ork  i n v o l v i n g  p r i m a r y  am in es  h a s  made u s e  o f  t h e  
c y c l o p r o p a n e  d i e s t e r ,  w i t h  t h e  a s s u m p t i o n  t h a t  i f  t h e  r i n g  i n  t h i s
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compound c o u l d  b e  o p e n e d ,  t h a t  i n  t h e  c y a n o e s t e r  c o u l d  a l s o  b e  opened» 
T h u s ,  d i e t h y l  1 , 1 - c y c l o p r o p a n e d i c a r b o x y l a t e  was combined  w i t h  s e v e r a l  
p r i m a r y  a m in e s  u n d e r  v a r y i n g  c o n d i t i o n s  o f  t e m p e r a t u r e ,  c a t a l y s i s ,  and 
s o l v e n t  m e d i a .  E x p e r i m e n t s  i n v o l v i n g  i s o - b u t y l a m i n e  h a v e  p r o v i d e d  t h e  
most  t a n g i b l e  r e s u l t s ,  a n d  t h e r e f o r e ,  w i l l  be d i s c u s s e d  f i r s t .  T h i s  
am in e  was i n i t i a l l y  com bined  w i t h  t h e  d i e s t e r  u n d e r  c o n d i t i o n s  s i m i l a r  
t o  t h o s e  u t i l i z e d  w i t h  t h e  s e c o n d a r y  a m i n e s .  The two compounds w e re  
m ix e d  i n  a two t o  one  r a t i o  o f  amine t o  d i e s t e r  w i t h  no s o l v e n t  p r e s e n t  
an d  r e f l u x e d  f o r  t w e n t y  h o u r s .  D i s t i l l a t i o n  o f  t h e  c r u d e  p r o d u c t  
r e s u l t e d  i n  t h e  r e c o v e r y  o f  a p p r o x i m a t e l y  f i f t y  p e r c e n t  o f  t h e  s t a r t i n g  
d i e s t e r  p l u s  a  s l i g h t  amount  o f  a h i g h e r  b o i l i n g  f r a c t i o n .  T h i s  l a t t e r  
m a t e r i a l  i s  a s sum ed  t o  be  t h e  am ide  formed by a t t a c k  o f  t h e  i s o -  
b u t y l a m i n a  on one  o f  t h e  e s t e r  g r o u p s  o f  d i e t h y l  1 , 1 - c y c l o p r o p a n e ­
d i c a r b o x y l a t e ,
.CO„C_H_ _i_ i-CÆgNEg -------^  r " \ ^ C - N H ( i - C 4 H g )
V I I I
T h i s  a s s i g n m e n t  o f  s t r u c t u r e  i s  b a s e d  on e l e m e n t a l  an d  s p e c t r a l  a n a l y s i s .  
The i n f r a r e d  s p e c t r u m  shows two c a r b o n y l  a b s o r p t i o n s ,  one f o r  t h e  e s t e r  
( 5 . 8 5  yL( ) and one f o r  t h e  am ide  ( 6 . 0 2  ) f u n c t i o n ,  t o g e t h e r  w i t h  a n
am ide  I I  band a t  6 . 5 0  ,  a l l  o f  w h ich  g i v e  j u s t i f i c a t i o n  f o r  p o s t u l a t i n g
t h e  s t r u c t u r e  i n d i c a t e d  a b o v e .  By k e e p i n g  r e a c t i o n  c o n d i t i o n s  t h e  same, 
b u t  a d d i n g  a few d r o p s  o f  T r i t o n  B ( b e n z y I t r i m e t h y l  ammonium h y d r o x i d e )  
a s  a c a t a l y s t ,  no new p r o d u c t  was o b t a i n e d  and  t h e  o n l y  c o n s e q u e n c e  
was a  h i g h e r  y i e l d  o f  V I I I ,
Much more d i f f i c u l t y  was e n c o u n t e r e d  i n  i s o l a t i n g  p r o d u c t s  f rom  
r e a c t i o n s  em p lo y in g  e y e l o h e x y la m in e  a s  t h e  n u c l e o p h i l e .  T h e se  p r o d u c t s
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w e r e  c o n s i s t e n t l y  o i l s  f ro m  w h ic h  p r o d u c t s  c o u l d  b e  s e p a r a t e d  o n l y  b y  
d i s t i l l a t i o n  u n d e r  v e r y  low p r e s s u r e .  None o f  t h e  compounds w e re  b a s i c  
enough  t o  be  e x t r a c t e d  f rom t h e  o i l  w i t h  d i l u t e  a c i d ,  w h ich  i n d i c a t e d  
t h a t  t h e  r e a c t i o n  w h ic h  to o k  p l a c e  m us t  have* once  a g a i n *  i n v o l v e d  
a m i d i z a t i o n  o f  one o r  more e s t e r  g r o u p s  r a t h e r  t h a n  o p e n in g  o f  t h e  
c y c l o p r o p a n e  r i n g  b y  a d d i t i o n *  s i n c e  i n  t h e  l a t t e r  c a s e  a  b a s i c  compound 
w ould  be e x p e c t e d .  F i n a l l y *  f r o m  t h i s  r e a c t i o n  o f  e y e l o h e x y la m in e  w i t h  
t h e  c y c l o p r o p a n e  d i e s t e r *  two p r o d u c t s  w e re  i s o l a t e d  f o r  w h ic h  a  mono­
am ide  and  d i - a m i d e  s t r u c t u r e  h a v e  b e en  t e n t a t i v e l y  a s s i g n e d ;
f  A
^C-NHR G-----3 - ( cONHR) R = Cyo lo h e x y  1
'C O 3 O3 E 5  2
The f a i l u r e  t o  c l e a v e  t h e  c y c l o p r o p a n e  r i n g  by  e i t h e r  i s o - b u t y l a m i n e  
o r  c y c l o h e x y la m in e  u n d e r  c o n d i t i o n s  c o m p a ra b le  t o  t h o s e  i n  w h ich  r i n g  
o p e n i n g  d i d  o c c u r  w i t h  s e c o n d a r y  am in es  l e d  t o  t h e  c o n c l u s i o n  t h a t  t h i s  
d e s i r e d  r i n g - o p e n i n g  a d d i t i o n  w o u ld  r e q u i r e  more s e v e r e  c o n d i t i o n s .  I n  
o r d e r  t o  a v o i d  t h e  a m i d i z a t i o n  r e a c t i o n *  c o n d i t i o n s  w e re  changed  t o  f a v o r  
h i g h e r  t e m p e r a t u r e s  and  t h e  p r e s e n c e  o f  a b s o l u t e  e t h a n o l .  I t  was f e l t  
t h e s e  c o n d i t i o n s  s h o u l d  h i n d e r  a m i d i z a t i o n  s i n c e  r e a c t i o n s  o f  t h i s  
n a t u r e  a r e  u s u a l l y  e x o t h e r m i c  a n d  hence*  would be  f a v o r e d  by low 
t e m p e r a t u r e s .  A lso*  a c c o r d i n g  t o  Le C h a t e l i e r ® s  p r i n c i p l e *  a n  e x c e s s  
o f  e t h a n o l  s h o u ld  f a v o r  t h e  e s t e r .
A c c o r d i n g l y *  n - b u t y la m in e  * w h ic h  gave t h e  same r e s u l t s  a s  i s o -  
b u t y la m in e  a n d  e y e l o h e x y la m in e  u n d e r  t h e  c o n d i t i o n s  j u s t  d i s c u s s e d *  was 
t r e a t e d  w i t h  d i e t h y l  1* l - c y c l o p r o p a n e d i c a r b o x y l a t e  i n  t h e  p r e s e n c e  o f  
a b s o l u t e  a l c o h o l .  T h e se  r e a c t a n t s  w a re  s u b j e c t e d  t o  t e m p e r a t u r e s  o f  
150^ f o r  a p e r i o d  o f  t w e n t y  h o u r s .  I s o l a t i o n  o f  p r o d u c t s  by d i s t i l l a t i o n
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onoa a g a i n  gav e  o n l y  u n r e a c t e d  s t a r t i n g  d i e s t e r  and t h e  t y p e  o f  am ides  
a l r e a d y  d e s c r i b e d  a s  fo rm ed  b y  a t t a c k  o f  t h e  p r im a r y  amine on t h e  
e s t e r  g r o u p s .  C a t a l y s i s  by T r i t o n  B had  no a p p a r e n t  e f f e c t  on t h e s e  
r e a c t i o n s  r u n  a t  150^*
The f a i l u r e  o f  t h e s e  1 , 1 - d i s u b s t i t u t e d  c y c l o p r o p a n e s  t o  u n d e rg o  
r i n g - o p e n i n g  a d d i t i o n  r e a c t i o n s  w i t h  p r i m a r y  am ines  a s  compared t o  t h e  
s u c c e s s f u l  a d d i t i o n s  w i t h  s e c o n d a r y  a m in e s  c an  b e s t  be a s c r i b e d  t o  t h e  
d i f f e r e n c e  i n  b a s i c i t y  o r  n u c l e o p h i l i c  s t r e n g t h  o f  t h e  two c l a s s e s  o f  
a m i n e s .  I t  i s  f e l t  t h a t  f u r t h e r  w o rk ,  p e r h a p s  w i t h  s t r o n g e r  b a s i c  
c a t a l y s t s ,  s h o u ld  r e s u l t  i n  t h e  d e v e lo p m e n t  o f  c o n d i t i o n s  w h e re b y  t h e s e  
r e a c t i o n s  c o u l d  be s u c c e s s f u l l y  p e r fo rm e d »
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D i e t h y l  1^1 - c y c l o p r o p a n e d i c a r b o x y l a t e . - - A .  Most s u c c e s s f u l  p r e p a r =
15a t i o n s  f o l l o w e d  t h e  method d e s c r i b e d  b y  Dox and  Y oder  and  r e s u l t e d  i n  
y i e l d s  o f  4 0 - 5 0  p e r c e n t »  The h i g h e s t  y i e l d  was o b t a i n e d  when t h e  p r o d u c t  
was c o l l e c t e d  by d i s t i l l a t i o n  a t  r e d u c e d  p r e s s u r e ;  howeverj, i n  t h i s  c a s e  
i t  was more h i g h l y  c o n t a m i n a t e d  w i t h  u n r e a c t e d  d i e t h y l  m a l o n a t e .  B . p .
1 1 1 -1 1 5 °  ( 2 0  mm.) ,  2 0 1 - 2 0 3 °  (690  m m .) ,  n^^D 1 .4315 , l i t o ^ ^  b . p .  2 1 4 -2 1 6 °
(748  mm. )^ « A new method o f  p u r i f i c a t i o n  was d e v e l o p e d  t o  remove t h e  
l a s t  o f  t h e  d i e t h y l  m a l o n a t e .  The im pure  c y c l o p r o p a n e  d i e s t e r  c o n t a i n i n g  
some d i e t h y l  m a l o n a t e  was mixed w i t h  an  amount o f  n = b u t y lam in e  e s t i m a t e d  
t o  p r o v i d e  a s l i g h t  m o la r  e x c e s s  o v e r  t h e  amount o f  d i e t h y l  m a l o n a t e  
b e l i e v e d  t o  be p r e s e n t .  T h i s  m i x t u r e  was t h e n  h e a t e d  a t  r e f l u x  t e m p e r a ­
t u r e  f o r  a p e r i o d  o f  2 h r . ,  f o l l o w e d  by  th o r o u g h  c o o l i n g .  A s o l i d  
p r e c i p i t a t e d  a t  t h i s  p o i n t  an d  was s e p a r a t e d  by  f i l t r a t i o n .  The 
f i l t r a t e  was t h e n  d i s t i l l e d  t o  g i v e  t h e  p u r i f i e d  d i e t h y l  1 , l - c y c l o p r o p a n e =  
d i c a r b o x y l a t e ,  b . p .  1 2 0 -1 2 5 °  (22 m m.) ,  n^^D 1 .4 3 5 0 .
The s o l i d ,  CHg(CONC^Hg)g, formed by  r e a c t i o n  o f  t h e  d i e t h y l  m a l o n a t e  
i m p u r i t y ,  was r e c r y s t a l l i z e d  f ro m  e t h y l  a c e t a t e ,  m .p .  1 3 1 - 1 3 3 ° ,
o
m.p* 130 .
l i t ,
A n a l . C a l c d .  f o r  C, 6 1 .6 3  ; H, 10 .37
Founds  C, 6 1 . 3 4 ;  H, 10 .25  
B. The f o l l o w i n g  p r o c e d u r e  d e s c r i b e s  a n  u n s u c c e s s f u l  a t t e m p t  t o  
im prove  t h e  y i e l d  i n  t h e  p r e p a r a t i o n  of t h i s  compound; The a p p a r a t u s
^ C a r b o n ,  h y d r o g e n  and n i t r o g e n  a n a l y s e s  w ere  done by  G a l b r a i t h  
L a b o r a t o r i e s ,  I n c . ,  K n o x v i l l e ,  T e n n e s s e e .
32
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u s e d  i n  t h i s  e x p e r i m e n t  c o n s i s t e d  o f  a t h r e e - n e c k e d  f l a s k  e q u i p p e d  w i t h  
d r o p p i n g  f u n n e l j ,  a r g o n  i n l e t ^  r e f l u x  c o n d e n s e r  and  m a g n e t i c  s t i r r e r »  A 
sod ium  e t h o x i d e  s o l u t i o n  was p r e p a r e d  i n  an  a r g o n  a t m o s p h e r e  by  d i s s o l v i n g  
14o3 go (Oo6E2 m ole )  o f  sod ium i n  180 ml» o f  a b s o l u t e  e t h a n o l »  T h i s  
m i x t u r e  was  t h e n  h e a t e d  t o  b o i l i n g , ,  f o l l o w e d  by t h e  d ro p w ise  a d d i t i o n  o f  
49»6 So (OoSlO m ole )  o f  d i e t h y l  m a l o n a t e  w i t h  c o n t i n u o u s  s t i r r i n g *  When 
a d d i t i o n  was c o m p le te ^  t h e  f l a s k  was m a i n t a i n e d  a t  80^C f o r  30 min* Upon 
c o o l i n g s  ^  w h i t e  s o l i d  p r e c i p i t a t e d  w h ich  was assum ed  t o  be  p r i n c i p a l l y  
t h e  d i s o d i u m  s a l t  o f  d i e t h y l  m a lo n a t e *  T h i s  was removed b y  f i l t r a t i o n  
and  w ashed  w i t h  p e t r o l e u m  e t h e r »  A f t e r  a i r  d r y i n g  f o r  10 m in » ,  t h e  
s o l i d  m a t e r i a l  was r e t u r n e d  t o  t h e  o r i g i n a l  f l a s k  and  d i s s o l v e d  i n  100 
ml» o f  d im e th y l fo r m a m id e »  The f l a s k  was t h e n  h e a t e d  t o  90®C an d  56»4 g» 
(0 » 3 1 0  m ole )  o f  e t h y l e n e  b r o m id e  was added  d ro p w ise  w i t h  s t i r r i n g »  T h i s  
m i x t u r e  was m a i n t a i n e d  a t  90°C w i t h  s t i r r i n g  f o r  15 h r»  C o o l in g  r e s u l t e d  
i n  t h e  s e p a r a t i o n  o f  a s m a l l  amount o f  s o l i d  w h i c h  was removed by f i l t r a t i o n ,  
DMF was d i s t i l l e d  from t h e  f i l t r a t e  u n d e r  re d u c e d  p r e s s u r e  f o l l o w e d  by
Od i s t i l l a t i o n  o f  t h e  r e m a i n i n g  c r u d e  p r o d u c t ^  b»po r a n g e  b e tw e e n  90 and 
120 (20  mm»)o A seco n d  d i s t i l l a t i o n  o f  t h i s  f r a c t i o n  d id  n o t  g i v e  a
d i s t i n c t  b o i l i n g  p o i n t  and t h e  r e f r a c t i v e  i n d i c i e s  o f  b o t h  a n  i n i t i a l  
and a f i n a l  c u t  w e r e  w e l l  b e lo w  t h a t  o f  t h e  d e s i r e d  p r o d u c t »
E t h y l  l ^ c yanooyc  1 opropane-= 1 « c a r b o x y l a t e »--Two methods  proved  
s u c c e s s f u l  f o r  t h e  s y n t h e s i s  o f  t h i s  compound, b o t h  i n v o l v i n g  m o d i f i=  
c a t i o n s  o f  t h e  r e a c t i o n  o f  e t h y l  c y a n o a c e t a t e  w i t h  e t h y l e n e  b ro m id e  i n
t h e  p r e s e n c e  o f  sod ium  e t h o x i d e g  A» T h i s  method e s s e n t i a l l y  f o l l o w e d
2 3t h e  p r o c e d u r e  s e t  f o r t h  by J o n e s  and  S c o t t »  The t i t l e  compound was
o b t a i n e d  i n  80^ y i e l d s ,  b»p» 115=118^ (1 5  mm»), 1 .4339
2 1 2 - 2 1 6 °  (760  mm»)
23 , l i t »  b»p,
» The same p u r i f i c a t i o n  p r o c e d u r e  was employed a s
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d e s c r i b e d  f o r  t h e  d i e s t e r .  The s o l i d  a m id e ,  (CNCHgCOMHC^Hg)^ formed by  
r e a c t i o n  o f  t h e  e t h y l  c y a n o a c e t a t e  i m p u r i t y  w i t h  n - b u t y l a m i n e ,  was
r e o r y s t a l l i z e d  f rom  CCl^ ,  m . p .  70«>71^,
2 5
l i t .  m .p .  73" I .  The
p u r i f i e d  c y a n o e s t e r  d i s t i l l e d  a t  110^ (10  m m .) ,  n^^D 1.4-380.
Bo The a p p a r a t u s  employed i n  t h i s  e x p e r i m e n t  was t h e  same a s  t h a t  
u s e d  i n  s e c t i o n  B, page  32 ; A s o l u t i o n  o f  sod ium  e t h o x i d e  was p r e p a r e d  
b y  d i s s o l v i n g  1 4 ,3  g .  ( 0 , 6 2 2  m o le )  o f  sod ium i n  200 m l .  o f  a b s o l u t e  
e t h a n o l  i n  an  a r g o n  a t m o s p h e r e .  When s o l u t i o n  was c o m p l e t e ,  t h e  f l a s k  
was h e a t e d  t o  80°C and 3 3 . 9  g .  ( 0 , 3 0 0  m ole )  o f  e t h y l  c y a n o a c e t a t e  was 
ad d ed  d r o p w i s e  w i t h  c o n t i n u o u s  s t i r r i n g .  A w h i t e  s o l i d ,  assumed t o  be 
t h e  sod ium  s a l t  o f  e t h y l  c y a n o a c e t a t e ,  s e p a r a t e d  a n d ,  a f t e r  t h e  f l a s k  
had  b e e n  c o o l e d ,  was removed by  f i l t r a t i o n .  T h i s  s a l t  was w ashed  w i t h  
p e t r o l e u m  e t h e r ,  a f t e r  w h ic h  i t  d r i e d  r a p i d l y  a n d  t h e n  was p l a c e d  i n  a  
v e s s e l  c a p a b l e  o f  b e i n g  a t t a c h e d  by  a Gooch r u b b e r  c o n n e c t o r  t o  one neck  
o f  a t h r e e ^ n e c k e d  f l a s k .  I n  t h e  o r i g i n a l  t h r e e - n e c k e d  f l a s k  was p l a c e d  
5 6 , 4  go ( 0 , 3 0 0  m o le )  o f  e t h y l e n e  b ro m id e  and 100 m l .  o f  a b s o l u t e  e t h a n o l .  
T h i s  f l a s k  was t h e n  h e a t e d  t o  BO'^C and t h e  s o l i d  i s o l a t e d  p r e v i o u s l y  was 
ad d ed  in  s m a l l  i n c r e m e n t s ,  a c c o m p a n ied  by s t i r r i n g .  When a d d i t i o n  was 
c o m p l e t e ,  h e a t i n g  and s t i r r i n g  w e r e  c o n t i n u e d  f o r  4 h r .  A f t e r  c o o l i n g  
o f  t h e  f l a s k ,  sod ium b r o m id e  was f i l t e r e d  o f f  and  most o f  t h e  a l c o h o l  was 
removed by  d i s t i l l a t i o n .  At t h i s  p o i n t  a s m a l l  amount o f  w a t e r  was 
ad d ed  t o  d i s s o l v e  t h e  s o l i d  w hich  had s e p a r a t e d .  The m i x t u r e  was t h e n  
e x t r a c t e d  w i t h  e t h e r ,  an d  t h e  e t h e r  l a y e r  was w ashed  t w i c e  w i t h  w a t e r  
a n d  d r i e d  o v e r  a n h y d r o u s  c a l c i u m  c h l o r i d e .  The e t h e r  was s t r i p p e d  a t  
r e d u c e d  p r e s s u r e  and  d i s t i l l a t i o n  o f  t h e  r e m a i n in g  c r u d e  p r o d u c t  gave 
1 8 . 1  g .  (43,5?S) o f  p r o d u c t  b o i l i n g  b e tw e e n  95""an d  100° (5  mm,) ,  n^^D 
1 , 4 3 4 3 ,
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Cyalcpropan 'S^l , l -^d iea->°boxam ide . “-“-A m i x t u r e  o f  18*5 g* (0 * 1 0 0  m ole )
o f  d i e t h y l  l , , l - - c y c l o p r o p a n e d i c a r b o x y l a t e  i n  120 m l .  o f  cone* a q u e o u s
ammonia was s h a k e n  f o r  48 h r . ,  and t h e n  was a l l o w e d  t o  s t a n d  f o r  a n
a d d i t i o n a l  12 h r .  A t  t h i s  p o i n t  3*0 g .  o f  t h e  d e s i r e d  amide was
s e p a r a t e d  by f i l t r a t i o n .  The m o th e r  l i q u o r  was t h e n  s u b j e c t e d  t o  two
s u c c e s s i v e  s t a g e s  o f  e v a p o r a t i o n  t o  h a l f  i t s  v o lu m e ,  f o l l o w e d  by c o o l i n g
an d  f i l t r a t i o n  o f  a n y  s o l i d  formed* T h i s  t r e a t m e n t  gave  an  a d d i t i o n a l
2 , 5  g . o f  t h e  c y c l o p r o p a n e  d i a m i d e .  H ence ,  a  t o t a l  o f  5 , 5  g* ( 4 3 ^ )  o f
t h e  d e s i r e d  p r o d u c t  was o b t a i n e d  w h ic h  was b e s t  r e c r y s t a l l i z e d  f rom
.o l i t . m . p .  1 9 2 - 1 9 4 ° ^  .w a t e r ,  m .p .  194-195
l - = C y a n o c y o lo p r o p a n e - l ^ o a r b o x a m id e . —A s o l u t i o n  o f  62*2 g* (0*447  m ole )  
o f  e t h y l  l - c y a n o o y c l o p r o p a n e < ° l “ G a r b o x y l a t e  and 250 m l .  o f  c o n e ,  aq u e o u s  
ammonia was s h a k e n  f o r  5 h r .  and  t h e n  was a l l o w e d  t o  s t a n d  f o r  a n  a d d i t i o n a l  
24 h r .  F i l t r a t i o n  o f  t h e  m i x t u r e  gave  1 0 .5  g .  o f  t h e  d e s i r e d  s o l i d  p r o d u c t .  
E v a p o r a t i o n  o f  t h e  f i l t r a t e  t o  h a l f  i t s  o r i g i n a l  v o lu m e ,  f o l l o w e d  by 
c o o l i n g  and f i l t r a t i o n ,  r e s u l t e d  i n  i s o l a t i o n  o f  10 g ,  more o f  t h e  
c y a n o a m id e ;  t h e  t o t a l  y i e l d  t h e n  b e i n g  2 0 , 5  g .  ( 4 1 ^ ) .  E e c r y s t a l l i z a t i o n  
f rom  w a t e r  r a v e  a p u r i f i e d  p r o d u c t ,  m .p .  158=160^,  j^ l i t*^®  m .p .  1 6 0 ^  .
C y c l o p r o p a n e - 1 , 1 - d i c a  r b o n i t r i l e  « A . By d e h y d r a t i o n  o f  1 - c y a n o c y c l o -  
p r o p a n e - l - c a r b o x a m i d e . ^ ^ l ^ C y a n o c y o l o p r o p a n e ^ l ^ c a r b o x a m i d e ,  7 . 0  g * ( 0 . 0 6 4  
m o l e ) ,  was t h o r o u g h l y  mixed w i t h  1 1 .4  g ,  ( 0 . 0 8 0  m ole )  o f  p h o s p h o ru s  
p e n t o x i d e  and h e a t e d  i n  a  vacuum d i s t i l l a t i o n  a p p a r a t u s ,  A r e a c t i o n  b e g a n  
when t h e  t e m p e r a t u r e  r e a c h e d  155^ (1 0  mm.) and  3 . 0  g . o f  c ru d e  p r o d u c t  
d i s t i l l e d  b e tw e e n  160 and  2 1 0 ° .  E x t rem e  s w e l l i n g  o f  t h e  r e a c t a n t s  o c c u r r e d  
w h ic h  n e c e s s i t a t e d  t h e  d i s c o n t i n u a t i o n  o f  h e a t i n g  a t  t h i s  l a t t e r  t e m p e r a t u r e ,  
R e d l s t  i l l a t i o n  c f  t h e  c r u d e  p r o d u c t  gave  2 . 0  g . ( 34^)  o f  t h e  d i n i t r i l e  w i t h
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b . p ,  90°  ( 1 0  m m.) ,  1 .4 4 9 1 ,
A n a l .  C a l c d .  f o r  C, 6 5 . 2 0 |  H, 4 . 3 7
Found!  C, 6 5 . 4 2 ;  H, 4 .4 6
Bo A t t e m p t e d  p r e p a r a t i o n  o f  c y c l o p r o p a n e - 1 , 1 - d i c a r b o n i t r l l e  b y  
d i r e c t  c o n d e n s a t i o n  i n  t h e  p r e s e n c e  o f  sodium e t h o x i d e  and a b s o l u t e  
a l c o h o l . - - A  s o l u t i o n  o f  sod ium e t h o x i d e  was p r e p a r e d  u n d e r  a n  a r g o n  
a t m o s p h e r e  b y  d i s s o l v i n g  1 2 ,6  g .  ( 0 . 5 4 8  m o le )  o f  sodium i n  225 m l .  o f  
a b s o l u t e  e t h a n o l  and was i m m e d i a t e l y  t r a n s f e r r e d  t o  a d r o p p in g  f u n n e l .  
I n t o  a t h r e e - n e c k e d  f l a s k  e q u ip p e d  w i t h  t h e  d r o p p i n g  f u n n e l ,  a  m e c h a n i c a l  
s t i r r e r ,  r e f l u x  c o n d e n s e r  an d  a r g o n  i n l e t  was p l a c e d  5 0 .8  g .  ( 0 . 2 7 0  m o le )  
o f  e t h y l e n e  b ro m id e  and 18 g . ( 0 , 2 7 0  m ole )  o f  m a l o n o n i t r i l e .  The f l a s k  
was t h e n  h e a t e d  t o  80°  f o l l o w e d  b y  t h e  d r o p w i s e  a d d i t i o n  o f  t h e  sodium 
e t h o x i d e  s o l u t i o n  w i t h  s t i r r i n g  u n d e r  a n  a r g o n  a t m o s p h e r e .  A f t e r  
h e a t i n g  f o r  4 h r , ,  m ost  o f  t h e  a l c o h o l  was removed by d i s t i l l a t i o n .
The r e s i d u e  t h a t  r e m a in e d  was somewhat b a s i c  and  was n e u t r a l i z e d  w i t h  
c o n e ,  h y d r o c h l o r i c  a c i d .  T h i s  was f o l l o w e d  by  t h e  a d d i t i o n  o f  a  s m a l l
amount o f  w a t e r  an d  a n  a t t e m p t e d  e x t r a c t i o n  o f  t h e  d e s i r e d  p r o d u c t  w i t h
e t h e r .  Only  a n e g l i g i b l e  amount o f  m a t e r i a l  r e m a in e d  a f t e r  t h e  e t h e r  
was s t r i p p e d  u n d e r  r e d u c e d  p r e s s u r e .
R e a c t i o n  o f  c y c l o p r o p a n e - 1 , 1 - d i c a r b o n i t r i l e  w i t h  p i p e r i d i n e .
I n  a s m a l l  E r l e n m e y e r  f l a s k  was p l a c e d  5 .6  g .  ( 0 .0 6 1  m ole )  o f  c y c l e -  
p r o p a n e - 1 , 1 - d i c a r b o n i t r i l e ,  1 5 .5  g .  ( 0 . 1 8 3  m ole )  o f  p i p e r i d i n e  and  
40  m l .  o f  b e n z e n e .  The f l a s k  was f l u s h e d  w i t h  a r g o n ,  t i g h t l y  s e a l e d  
and  a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  4 h r . ,  d u r i n g  w hich  t i m e  a 
c o l o r e d  l a y e r  s e p a r a t e d .  W a t e r  was added  and  t h e  o r g a n i c  l a y e r  was 
s e p a r a t e d ,  washed w i t h  w a t e r  and  d r i e d  o v e r  a n h y d r o u s  c a l c iu m  c h l o r i d e .
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Upon, r e m o v a l  o f  t h e  b e n z e n e  b y  d i s t i l l a t i o n ^  an  o i l  rem a in ed  w h ich  c o u ld  
n o t  be  r e c r y s t a l l i z e d  o r  d i s t i l l e d .  However  j, i t  was c o n v e r t e d  t o  a 
h y d r o c h l o r i d e  b y  d i s s o l v i n g  a p p r o x i m a t e l y  3 m l .  o f  t h e  m a t e r i a l  i n  e t h e r  
an d  p a s s i n g  i n t o  i t  d r y  h y d r o g e n  c h l o r i d e  gas*  The s o l i d  w h ich  s e p a r a t e d  
was  r e c r y s t a l l i z e d  f rom  a b s o l u t e  e t h a n o l ,  m*p« 189-190°*  A c a r b o n  an d  
h y d r o g e n  a n a l y s i s  was  o b t a i n e d  f o r  t h i s  compound w h ic h  d i s a g r e e d  w i t h  
t h e  v a l u e s  c a l c u l a t e d  f o r  an y  p r o d u c t  formed b y  t h e  s i n g l e  a d d i t i o n  o f  
p i p e r i d i n e  t o  c y c l o p r o p a n e - 1 , 1 - d i c a r b o n i t r i l e .
R e a c t i o n  o f  d i e t h y l  1 , 1 - c y c l o p r o p a n e d i c a r b o x y l a t e  w i t h  s e c o n d a r y  
a m in e s  ; A ,  W i th  p i p e r i d i n e #—- D i e t h y l  1 , 1 - c y c l o p r o p a n e d i c a r b o x y l a t e  
was  h e a t e d  a t  r e f l u x  t e m p e r a t u r e  w i t h  p i p e r i d i n e  b o t h  w i t h  and  w i t h o u t  
a  s o l v e n t  and i n  v a r y i n g  m o l a r  r a t i o s ,  u s u a l l y  f o r  a p e r i o d  o f  20 h r*
( I n f r a . T a b l e  I ,  p .  21 )*  T e m p e r a t u r e s  n a t u r a l l y  were  d e p e n d e n t  on t h e  
s o l v e n t  employed* A f t e r  r em o v a l  o f  t h e  s o l v e n t  by d i s t i l l a t i o n ,  t h e  
r e s i d u e  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e *  The p r o d u c t ,  d i e t h y l
p i p e r  id  i n o e t h y l m a l o n a t e ,  was c o l l e c t e d  b e tw e e n  123=126° (0*5  mm*), 
n^°D 1 .4 5 9 5  l ^ l i t * ^ ®  b . p .  1 2 8 -1 3 2 °  ( 1 . 6  mm*), n^°D 1 , 4 6 2 5 ^ *
B. W ith  p i p e r i d i n e  i n  DMF*°-=A m i x t u r e  o f  4 , 2  g .  (0*023 m o le )  o f  
d i e t h y l  1 , 1 - c y c l o p r o p a n e d i c a r b o x y l a t e ,  3 . 9  g ,  ( 0 ,0 4 6  m ole )  o f  p i p e r i d i n e  
an d  15 m l ,  o f  DMF was p l a c e d  i n  a  f l a s k  e q u ip p e d  w i t h  a r e f l u x  c o n d e n s e r  
and  h e a t e d  a t  147°C f o r  20 h r .  F o l l o w i n g  t h e  d i s t i l l a t i o n  o f  DMF u n d e r
r e d u c e d  p r e s s u r e ,  two h i g h e r  b o i l i n g  f r a c t i o n s  w ere  c o l l e c t e d  g ( l )  assumed
.0
^ C “N(CH 20
f  N-CH„CH„CH ° '-— b . p .  72=73 ( l  mm.) ,  n  D 1*4777 ,
t o  be  2"2"H
A n a l .  C a l c d .  f o r  C^^HggNgO^* C, 6 2 * 1 8 ;  H, 9 . 7 1
Founds C, 6 1 . 9 3 ;  H, 9 .7 8
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/C»N(CH )
CN-CS CE CH — b . p .  178=182 ( l  m m .) ,  n  °DJ  ̂  ̂ '̂ C=N(CH,)„
1 . 4 8 7 2 .
A n a l .  C a l c d .  f o r  0 ^ :  C, 6 2 . 4 0 ;  H, 30 .12
Found* C, 6 3 . 1 7 ;  H, 9 .8 0
C.  W i th  d i e t h y l a m i n e .-—I n t o  a  f l a s k  e q u ip p e d  w i t h  a  w a t e r  c o n d e n s e r  
was  p l a c e d  4 . 2  g .  ( 0 . 0 2 3  m o le )  o f  d i e t h y l  1 , l “ c y c l o p r o p a n e d i c a r b o x y l a t e ,
1 . 5  g .  ( 0 , 0 2 3  m o le )  o f  d i e t h y l a m i n e  and  15 m l .  o f  a b s o l u t e  e t h a n o l .  The 
m i x t u r e  was h e a t e d  a t  r e f l u x  t e m p e r a t u r e  f o r  72 h r .  A f t e r  t h e  s o l v e n t  
was removed by d i s t i l l a t i o n  a t  a t m o s p h e r i c  p r e s s u r e ,  f u r t h e r  d i s t i l l a t i o n  
gave  a c r u d e  p r o d u c t  b o i l i n g  b e tw e e n  90=105° ( 0 . 4  m m .) .  R e d i s t i l l a t i o n  
g av e  1 , 7  g . ( 2 9 ^ )  o f  c o l o r l e s s  l i q u i d ,  d i e t h y l  — d i e t h y l a m i n o e t h y l =  
m a l o n a t e ,  b . p .  101° ( 0 . 3  m m .) ,  n^^D 1 .4 3 9 1  j ^ l i t . ^ ^  b . p .  128=130^ (4  mm. ) 
n^°D 1 .4 3 8 5 ^  .
C o n v e r s i o n  o f  d i e t h y l  yg — p i p e r i d i n o e t h y I m a l o n a t e  t o  t h e  c o r r e s p o n d i n g
26d i a m i d e . - - T h i s  p r o c e d u r e  f o l l o w s  t h e  g e n e r a l  method d e s c r i b e d  by R u s s e l l  
f o r  a m i d i z a t i o n  o f  m a lo n ic  e s t e r s ,  A s o l u t i o n  o f  5 . 0  g .  ( 0 .0 1 8  m o le )  o f  
t h e  e s t e r  i n  25 m l .  o f  m e th a n o l  was added  t o  a s o l u t i o n  p r e p a r e d  by  s a t u r a ­
t i n g  50 m l .  o f  m e t h a n o l  w i t h  ammonia a t  0 °C .  A s o l u t i o n  o f  sodium 
m e t h o x i d e ,  p r e p a r e d  f rom  a p p r o x i m a t e l y  0 . 1  g .  sod ium,  was t h e n  added  and  
t h e  m i x t u r e  was a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  72 h r .  V e ry  few 
c r y s t a l s  fo rmed d u r i n g  t h i s  p e r i o d  b u t  c o o l i n g  c a u se d  t h e  im m edia te  s e p ­
a r a t i o n  o f  1 , 0  g .  o f  p r o d u c t .  E v a p o r a t i o n  of  t h e  m o th e r  l i q u o r  gav e  a n  
a d d i t i o n a l  1 . 5  g .  o f  s o l i d .  The 2 . 5  g .  ( 6 4 ^ )  o f ^ _ p i p e r i d i n o e t h y l -  
m alonam ide  t h u s  o b t a i n e d  was r e c r y s t a l l i z e d  f rom  a b s o l u t e  a l c o h o l ,  m .p .  
1 9 4 -1 9 6 °  ( d e c . ) .  T h i s  compound h a s  n o t  b e e n  p r e v i o u s l y  r e p o r t e d  i n  t h e  
l i t e r a t u r e .
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A n a l ,  C a l o d ,  f o r  C^QH^gNgOgS C, 5 6 . 3 0 j  H, 9 , 0 0
Founds  Cj 5 6 , 3 6 |  H, 9 ,0 1  
R e a c t i o n  o f ^  — p i p e r i d i n o e t h y l o h l o r i d e  w i t h  d i e t h y l  m a l o n a t e ,
T h i s  p r o c e d u r e  e s s e n t i a l l y  f o l l o w s  t h a t  s e t  f o r t h  by H, G o ld h a h n ,^ ^  The 
a p p a r a t u s  c o n s i s t e d  o f  a t h r e e - n e c k e d  f l a s k  e q u ip p e d  w i t h  d ro p p in g  f u n n e l ,  
s t i r r e r  and  r e f l u x  c o n d e n s e r ,  A s o l u t i o n  o f  sodium e t h o x i d e  was p r e p a r e d  
i n  a n  a r g o n  a t m o s p h e r e  by a d d i n g  0 , 6 5  g .  ( 0 ,0 2 8  m o le )  o f  sodium t o  25 m l .  
o f  a b s o l u t e  e t h a n o l .  When t h e  f l a s k  had  c o o le d  t o  room t e m p e r a t u r e ,  4 , 5  g , 
( 0 , 0 2 8  m o le )  o f  d i e t h y l  m a l o n a t e  was added  d ro p w ise  w i t h  s t i r r i n g  f o l l o w e d  
i m m e d i a t e l y  b y  t h e  d r o p w i s e  a d d i t i o n  o f  4 , 2  g . ( 0 ,0 2 6  m o le )  o f ^  —p i p e r i -  
d i n o e t h y l c h l o r i d e .  The m i x t u r e  was t h e n  h e a t e d  t o  80^0 and m a i n t a i n e d  
a t  t h a t  t e m p e r a t u r e  w i t h  s t i r r i n g  f o r  3 h r .  A f t e r  c o o l i n g ,  a  s m a l l  amount 
o f  w a t e r  was a d d e d ,  f o l l o w e d  b y  e x t r a c t i o n  o f  t h e  p r o d u c t  w i t h  e t h e r  and 
w a s h i n g  o f  t h e  e t h e r  s o l u t i o n  t w i c e  w i t h  w a t e r .  The e t h e r  e x t r a c t  was 
t h e n  d r i e d  o v e r  a n h y d r o u s  magnes ium s u l f a t e .  A f t e r  t h e  e t h e r  was  s t r i p p e d  
u n d e r  r e d u c e d  p r e s s u r e ,  2 , 0  g ,  ( 2 8 ^ )  o f  d i e t h y l  ̂ ^ - p i p e r i d i n o e t h y  Ima l o n a t e  
was c o l l e c t e d  by d i s t i l l a t i o n  b e t w e e n  135=140° (2 mm,) ,  n^^D 1 ,4 5 5 5  j ^ l i t  
b , p ,  1 2 8 -1 3 2 °  ( 1 , 6  mm,) ,  n^^D 1 .4 6 2 5  J .
R e a c t i o n  o f  e y e l o p r o p a n e = l ,  1 - d i c a r b o x a m i d e  w i t h  p i p e r i d i n e , — I n  
a  f l a s k  e q u i p p e d  w i t h  a r e f l u x  c o n d e n s e r  was p l a c e d  20 m l ,  o f  a b s o l u t e  
a l c o h o l ,  3 , 0  g .  ( 0 , 0 2 3  m o le )  o f  c y c l o p r o p a n e - l , 1 - d i c a r b o x a m i d e , an d  4 , 0  g ,  
( 0 . 0 4 7  m o le )  o f  p i p e r i d i n e .  The f l a s k  was h e a t e d  on a s te a m  b a t h  f o r  
100 h r , ,  f o l l o w i n g  w h ic h  t h e  p r o d u c t  m i x t u r e  was c o o le d  an d  f i l t e r e d ,  A 
c r u d e  y i e l d  o f  2 ,2  g . (45%) o f  s o l i d  ^ - p i p e r i d i n o e t h y l m a l o n a m i d e  was 
s e p a r a t e d  an d  r e c r y s t a l l i z e d  f ro m  a b s o l u t e  a l c o h o l ,  m ,p ,  1 9 4 - 1 9 6 ° ,
R e a c t i o n  o f  e t h y l  l= c y a n o c y c  l o p r o p a n e -  l= c a  rb  oxy l a  t e  w i t h  p i p e r i d i n e , - -  
T h i s  r e a c t i o n  h a s  b e e n  r u n  e i t h e r  i n  a b s o l u t e  e t h a n o l  o r  w i t h o u t  a s o l v e n t .
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E i t h e r  e q u i m o l a r  r a t i o s  o r  a  2 - 1  r a t i o  o f  r e a c t a n t s  f a v o r i n g  t h e  amine 
w e r e  employed and  t h e  m i x t u r e s  w ere  h e a t e d  a t  r e f l u x  t e m p e r a t u r e  f o r  
a p e r i o d  o f  20 h r .  D i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e  gave t h e  p r o d u c t ,  
e t h y l  2 - c y a n o  2 - ( ^ _ p i p e r i d i n o e t h y l )  a c e t a t e ,  a s  a  c o l o r l e s s  l i q u i d ,  
b . p ,  124-126  (1  m m ,) ,  n^^D 1 , 4 6 4 3 ,  Y i e l d s  v a r i e d  somewhat w i t h  t h e
e x a c t  c o n d i t i o n s  u sed  b u t  n e v e r  e x c e e d e d  2 5 ^ ,
R e a c t i o n s  o f  p i p e r i d i n o e t h y I c h l o r i d e  w i t h  e t h y l  c y a n o a c e t a t e .
The a p p a r a t u s  u se d  c o n s i s t e d  o f  a  t h r e e - n e c k e d  f l a s k  e q u ip p e d  w i t h  s t i r r e r ,  
d r o p p i n g  f u n n e l ,  r e f l u x  c o n d e n s e r  an d  a r g o n  i n l e t ,  A s o l u t i o n  o f  sodium 
e t h o x i d e  was p r e p a r e d  i n  a n  a r g o n  a tm o s p h e r e  by  a d d i n g  0 , 5  g ,  ( 0 .0 2 2  mole)  
o f  sod ium  t o  25 m l .  o f  a b s o l u t e  e t h a n o l .  When t h e  s o l u t i o n  had c o o l e d ,
2 , 8  g ,  ( 0 , 0 2 5  m o le )  o f  e t h y l  c y a n o a c e t a t e  was added  d ro p w ise  w i t h  s t i r r i n g  
f o l l o w e d  i m m e d i a t e l y  b y  t h e  d r o p w i s e  a d d i t i o n  o f  3 ,2  g ,  ( 0 .0 2 2  m ole)  o f  
^  - p i p e r i d i n o e t h y l c h l o r i d e .  The m i x t u r e  was h e a t e d  a t  r e f l u x  t e m p e r a t u r e  
f o r  2 h r . ,  f o l l o w e d  by r e m o v a l  o f  most o f  t h e  a l c o h o l  u n d e r  s l i g h t l y  
r e d u c e d  p r e s s u r e .  S u f f i c i e n t  w a t e r  was ad d e d  t o  d i s s o l v e  t h e  s o l i d  
p r e s e n t ,  and t h e  d e s i r e d  p r o d u c t  was  t h e n  e x t r a c t e d  w i t h  e t h e r ,  w a t e r  
w ash ed  and d r i e d  o v e r  a n h y d r o u s  c a l c i u m  c h l o r i d e .  E t h e r  was removed 
u n d e r  r e d u c e d  p r e s s u r e  an d  t h e  r e m a i n in g  r e s i d u e  was d i s t i l l e d  t o  g i v e
1 , 5  g .  ( 3 0 ^ )  o f  e t h y l  2 - c y a n o  2 - ( ^  _ p i p e r i d i n o e t h y l ) a c e t a t e ,  b . p .  138°
(2  m m ,) ,  n^^D 1 . 4 6 3 7 .
Ana 1 , C a l c d .  f o r  3 ,  6 4 . 2 4 ;  H, 9 ,00
F o u n d :  0 ,  6 4 . 2 9 ;  H, 9 .2 1
C o n v e r s i o n  o f  e t h y l  2*^cyano 2 - (  ^  - p i p e r i d i n o e t h y l )  a c e t a t e  t o  t h e
c o r r e s p o n d i n g  a m i d e . - - A  m i x t u r e  o f  3 . 0  g . ( 0 ,0 1 4  m ole )  o f  e t h y l  2 -c y a n o
2 - (  —p i p e r i d i n o e t h y l )  a c e t a t e  and  10 m l .  o f  c o n e ,  a q u e o u s  ammonia was
s h a k e n  c o n s t a n t l y  f o r  15 m in .  S i n c e  t h e r e  was no a p p a r e n t  r e a c t i o n ,  an
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a d d i t i o n a l  10 m l .  o f  t h e  a q u e o u s  ammonia was a d d e d ,  f o l l o w e d  by 
s h a k i n g  f o r  a n  a d d i t i o n a l  10 min® A s o l i d  p r e c i p i t a t e d  d u r i n g  t h i s  
l a t t e r  p e r i o d  o f  a g i t a t i o n  an d  was s e p a r a t e d  by f i l t r a t i o n .  A f t e r  
r e c r y s t a l l i z a t i o n  f rom  e t h y l  a c e t a t e ,  1 , 0  g .  (Z7%)  o f  t h e  p r e v i o u s l y  
u n r e p o r t e d  a m i d e ,  2 - c y a n o  —p i p e r i d i n o e t h y l )  a c e t a m i d e ,  was o b t a i n e d ,
m . p .  1 2 8 - 1 3 0 ° .
A n a l .  C a l c d .  f o r  C^QHj^^NgOs C, 6 1 . 4 9 ;  H ,  8 .7 9
Founds  C, 6 1 . 2 5 ;  H ,  8 .6 1
R e a c t i o n  o f  l - c y a n o c y c l o p r o p a n e - l - o a r b o x a m i d e  w i t h  p i p e r i d i n e . —
A m i x t u r e  o f  4 , 2  g . ( 0 . 0 3 8  m o le )  o f  l -cyanocyc lopropane<- l '=>carboxam ide ,
6 . 5  g .  ( 0 ,0 7 6  m o le )  o f  p i p e r i d i n e  a n d  30 m l .  o f  a b s o l u t e  e t h a n o l  was 
p l a c e d  i n  a  f l a s k  e q u i p p e d  w i t h  a r e f l u x  c o n d e n s e r  a n d  h e a t e d  on t h e  
s te a m  b a t h  f o r  24 h r .  A f t e r  rem o v a l  o f  most  o f  t h e  a l c o h o l ,  a w h i t e  
s o l i d  p r e c i p i t a t e d ,  w h ich  on r e c r y s t a l l i z a t i o n  f rom e t h y l  a c e t a t e  gave
3 . 6  g . (49%)  o f  2 - c y a n o  2 - ( ^  - p i p e r i d i n o e t h y l )  a c e t a m i d e ,  m .p .  1 2 6 -1 2 8 ^ .
R e a c t i o n  o f  d i e t h y l  1 , 1 - c y o l o p r o p a n e d i c a r b o x y l a t e  w i t h  p r im a r y  
a m in e s  g A. At  r e f l u x  t e m p e r a t u r e  o f  s o l v e n t  o r  a m i n e . ° ° S e v e r a l  r e a c t i o n s  
w e r e  c a r r i e d  o u t  i n  t h i s  g e n e r a l  c a t e g o r y ,  t h e  p r o c e d u r e  b e i n g  t o  combine 
t h e  am ine  and d i e s t e r  i n  a 1*1 o r  2 g l  m o la r  r a t i o  f o l l o w e d  by a  h e a t i n g  
p e r i o d  o f  from 6 - 5 0  h r .  I n  s e v e r a l  r u n s  a c a t a l y s t  o f  e i t h e r  sodium 
m e t h o x i d e  o r  T r i t o n  B was a d d e d .  No p r o d u c t s  c o u ld  be e x t r a c t e d  w i t h  
d i l u t e  a c i d ,  h e n c e ,  i t  was n e c e s s a r y  t o  i s o l a t e  them  by vacuum d i s t i l l a t i o n ,  
T h e se  p r o d u c t s ,  w h ic h  hav e  b e e n  o b t a i n e d  i n  y i e l d s  o f  l e s s  t h a n  2 0 ^ ,  have  
a l l  p r o v e n  t o  be a m id e s  c o n t a i n i n g  an  u nopened  c y c l o p r o p a n e  r i n g  w h ich  
a r e  c h a r a c t e r i z e d  a s  f o l l o w s  s
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( 1 )  P r o d u c t  w i t h  n - b u t y l a m i n e  —  assumed t o  be / \ ,-c!-NH(n-Bu)
o 24 "CO C H
b . p .  1 1 5 -1 2 0  (1  mm.) ,  n  D 1 . 4 5 8 8 .  -i o
A n a l . C a l c d .  f o r  C^^H^gNOgS C, 6 1 . 9 3 j H, 9 . 0 0 j  N, 6 ,5 7
Founds C, 6 0 . 4 2 J H, 8 . 9 3 ;  N, 6 .3 1
A »( 2 )  P r o d u c t  w i t h  i - b u t y la m in e  —  assum ed t o  be /  \  -- C=.NHf i - R u )
o o *7 ''' C Og C g H p.
b . p .  105-108  (1  mm.) ,  n'^^D 1 . 4 5 7 2 .  °
A n a l .  C a l o d .  f o r  C^H^gNOgS C,  6 1 .9 3  ; H, 9 .0 0
Founds C, 6 1 . 9 0 ;  H, 9 .0 5
( 3 ) W i th  e y e l o h e x y la m in e  two am ide  p r o d u c t s  w ere  o b t a i n e d ;
A  M( a )  mono-amide -  assum ed t o  be /  \ ^  C-NH(CgH,_),  b . p ,  165-172°
24 ^COgC Hr
(1  m m ,) ,  N D 1 .4 9 4 4 .
A n a l , C a l c d .  f o r  C^gHg^NOgS C, 6 5 . 2 3 ;  H, 8 .8 6
Founds C, 6 5 , 1 1 ;  H, 8 ,96
( b )  d i - a m i d e  -  assum ed  t o  be / \ ^  C-NH(CrH,, ) ,  m .p ,  130-132°
- 0 . nh(0®h “ )
( r e c r y s t d .  f rom 3 s i  w a t e r - e t h a n o l ) .
A n a l . C a l c d .  f o r  C^yHggNgOgs C, 6 9 , 8 0 ;  H, 9 .6 7
Founds  C, 6 9 , 7 6 ;  H, 9 ,4 6
B, R e a c t i o n s  c a r r i e d  o u t  a t  1 5 0 ° . — The r e a c t a n t s  w ere  mixed  i n  
e x a c t l y  t h e  same m anner  a s  d e s c r i b e d  i n  p a r t  A, b u t  i n  t h i s  c a s e ,  t h e y  
w e r e  s e a l e d  i n  a l a r g e  t e s t  t u b e  and  p l a c e d  in  a bomb w here  t h e  t e m p e r a ­
t u r e  was m a i n t a i n e d  a t  150° f o r  20 h r .  U n d e r  t h e s e  c o n d i t i o n s ,  h o w ev er ,  
n - b u t y l a m i n e  was t h e  o n l y  n u c l e o p h i l e  e m p lo y e d .  R e s u l t s  f rom  r e a c t i o n s  
r u n  a t  t h i s  t e m p e r a t u r e  a r e  i d e n t i c a l  w i t h  t h o s e  d e s c r i b e d  f o r  n - b u t y l a m i n e  
i n  t h e  p r e c e d i n g  s e c t i o n .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
SUmiARY
a .  A t tem p ts  were  made t o  improve e s t a b l i s h e d  methods o f  p r e p a r i n g  
d i e t h y l  1 , 1 - c y c l o p r o p a n e d i c a r b o x y l a t e  an d  e t h y l  1 - c y a n o c y c l o p r o p a n e - 1 -  
c a r b o x y l a t e  from t h e  s t a n d p o i n t  o f  y i e l d  and  p u r i t y  o f  p r o d u c t»  A method 
was fo u n d  t o  improve t h e  p u r i t y  o f  t h e s e  e s t e r s ,  b u t  no s u c c e s s  was 
a c h i e v e d  i n  g a i n i n g  l a r g e r  y i e l d s ,
b .  C y c l o p r o p a n e - 1 , l ” d i c a r b o n i t r i l e  was p r e p a r e d  by t h e  d e h y d r a t i o n  
o f  1 - c y a n o c y c l o p r o p a n e - l - c a r b o x a m i d e  w i t h  p h o sp h o ru s  p e n t o x i d e ,
c .  The f e a s i b i l i t y  o f  open ing  t h e  r i n g  o f  c e r t a i n  1 , 1 - d i s u b s t i t u t e d  
c y c l o p r o p a n e s  by t h e  n u c l e o p h i l i c  a d d i t i o n  o f  an  amine has  b ee n  i n v e s t i g a t e d .  
I t  was found t h a t  t h e  c y c lo p r o p a n e  r i n g  in  f o u r  o f  t h e  f i v e  compounds used 
c o u ld  be c l e a v e d  by a d d i t i o n  of  s e c o n d a ry  a m i n e s .  However,  a l l  a t t e m p t s
t o  open t h e  r i n g  o f  t h e s e  compounds u s i n g  a p r im a r y  amine a s  t h e  n u c l e o ­
p h i l e  were  u n s u c c e s s f u l .
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